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The f i r s t   t w e l v e   r e p o r t s  on the   a s ses smen t   o f  
B r i t i s h   s a n d   a n d   g r a v e l   r e s o u r c e s   a p p e a r e d   i n   t h e  
Repor t  series o f   t h e   I n s t i t u t e   o f   G e o l o g i c a l  
S c i e n c e s  as a s u b s e r i e s .   R e p o r t  13 and  subsequent  
r e p o r t s   a p p e a r  as Mineral   Assessment   Reports   of  
t h e   I n s t i t u t e .  

Details of p u b l i s h e d   r e p o r t s   a p p e a r  a t  the  end  of  
t h i s   r e p o r t .  

Any e n q u i r i e s   c o n c e r n i n g   t h i s   r e p o r t  may be 
a d d r e s s e d   t o   t h e   O f f i c e r - i n - C h a r g e ,   I n d u s t r i a l  
M i n e r a l s   A s s e s s m e n t   U n i t ,   I n s t i t u t e  of G e o l o g i c a l  
Sciences,   Murchison  House,  West Mains  Road, 
Edinburgh EH9 3LA. 

PREPACE 
N a t i o n a l   r e s o u r c e s  of many i n d u s t r i a l   m i n e r a l s  may 
seem s o  l a r g e   t h a t   s t o c k - t a k i n g   a p p e a r s  
u n n e c e s s a r y ,   b u t   t h e  demand f o r   m i n e r a l s   a n d   f o r  
l a n d   f o r  a l l  pu rposes  i s  i n t e n s i f y i n g   a n d  i t  h a s  
become i n c r e a s i n g l y  clear i n   r e c e n t   y e a r s   t h a t  
r e g i o n a l   a s s e s s m e n t s  of t h e   r e s o u r c e s   o f   t h e s e  
mine ra l s   shou ld   be   unde r t aken .   The   pub l i ca t ion   o f  
i n f o r m a t i o n   a b o u t   t h e   q u a n t i t y   a n d   q u a l i t y  of 
d e p o s i t s   o v e r   l a r g e  areas i s  i n t e n d e d   t o   p r o v i d e  a 
comprehens ive   fac tua l   background  aga ins t   which  
p l a n n i n g   d e c i s i o n s   c a n   b e  made. 

Sand   and   g rave l ,   cons ide red   t oge the r  as 
n a t u r a l l y   o c c u r r i n g   a g g r e g a t e ,  was s e l e c t e d  as  t h e  
bu lk   mine ra l   demand ing   mos t   u rgen t   a t t en t ion ,  
i n i t i a l l y   i n   t h e   s o u t h - e a s t  of  England,  where 
a b o u t   h a l f   t h e   n a t i o n a l   o u t p u t  i s  won and  very  few 
s o u r c e s  of a l t e r n a t i v e   a g g r e g a t e s  are a v a i l a b l e .  
I n  1968,   fo l lowing  a s h o r t   f e a s i b i l i t y   s t u d y  
i n i t i a t e d   i n  1966 by the   Minis t ry   o f   Land  and  
N a t u r a l   R e s o u r c e s ,   t h e   I n d u s t r i a l   M i n e r a l s  
Assessment   Uni t   ( former ly   the   Minera l   Assessment  
Uni t )   began   sys temat ic   surveys   which   have   been  
e x t e n d e d   p r o g r e s s i v e l y   t h r o u g h   c e n t r a l   a n d  
nor thern   England .  Work in   Sco t l and ,   wh ich   began  
i n  1975 i n   t h e   D a r v e l  area o f   S t r a thc lyde   Reg ion ,  
i s  b e i n g   f i n a n c e d  by the   Depar tment   o f   the  
E n v i r o n m e n t ,   a c t i n g   t h r o u g h   t h e   S c o t t i s h  
Development  Department , and i s  be ing   unde r t aken  
w i t h   t h e   c o o p e r a t i o n   o f   t h e   S a n d   a n d   G r a v e l  
A s s o c i a t i o n  of Great B r i t a i n .  

T h i s   r e p o r t   d e s c r i b e s   t h e   r e s o u r c e s  of  sand  and 
g r a v e l   o f  400km2 of c o u n t r y   l y i n g   m a i n l y   i n  
L o t h i a n   R e g i o n ,   b u t   i n c l u d i n g   p a r t s  of B o r d e r s  
Region,  and  shown on the   accompanying   resource  
maps.  The  survey was conducted by A.M. A i tken ,  
J . H .  Love11  and A . J .  Shaw, w i t h   a s s i s t a n c e   d u r i n g  
t h e   d r i l l i n g   i n v e s t i g a t i o n   f r o m  S.C. Groves,  J.W. 
M e r r i t t   a n d  D.L. Ross. The  work i s  based on t h e  
Peebles   (24E) , G a l a s h i e l s  (25W) , Edinburgh  (32E) 
and  Haddington (33W) s h e e t s  of the  1:50000 
G e o l o g i c a l  Map of S c o t l a n d ,   b u t   i n c o r p o r a t i n g  a 
p a r t i a l   r e s u r v e y  of t h e   s a n d   a n d   g r a v e l   d e p o s i t s  
d u r i n g  1980 and 1981 by J . D .  Floyd,  P.M. Ha lp in ,  
A.E.S. Kemp and J . L .  Sme l l i e .  

T h e   s e c t i o n  of t h e   r e p o r t  on the   geology  of   the  
area was p repa red  by J . D .  F loyd :   t he   agg rega te  
t e s t i n g  was unde r t aken  by C.W. Thomas. 

3 . 0 .  B u r n e l l ,  ISO,  FRICS (Land  Agent),  has  been 
r e s p o n s i b l e   f o r   n e g o t i a t i n g  access t o   l a n d   f o r  
d r i l l i n g ;   t h e   r e a d y   c o o p e r a t i o n  of land   owners ,  
t e n a n t s   a n d   s a n d   a n d   g r a v e l   o p e r a t o r s  i s  
g ra t e fu l ly   acknowledged .  

G.M. Brown 
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The  sand and gravel resources of the  country around 
Dalkeith and Temple, Lothian Region 
Description of 1 :25 000 sheets NT 25 and 35, and NT26 and 36 

A. M. Aitken, J. H. Lovell, A. J. Shaw and C. W. Thomas 

SUMMARY 
T h e   g e o l o g i c a l  maps o f   t h e   I n s t i t u t e   o f   G e o l o g i c a l  
S c i e n c e s ,   n i n e t y   e i g h t   b o r e h o l e s   a n d   t w e n t y   n i n e  
s h a l l o w   p i t s   s u n k   f o r   t h e   I n d u s t r i a l   M i n e r a l s  
A s s e s s m e n t   U n i t ,   t o g e t h e r   w i t h   p r e - e x i s t i n g  
bo reho le   i n fo rma t ion   and   da t a   f rom  work ing   p i t s ,  
f o r m   t h e   b a s i s   o f   t h e   a s s e s s m e n t  of  sand  and 
g r a v e l   r e s o u r c e s   i n   D a l k e i t h   a n d   T e m p l e ,   L o t h i a n  
Region. 

A l l  d e p o s i t s   i n   t h e  area which  might  be 
p o t e n t i a l l y   w o r k a b l e   f o r   s a n d   a n d   g r a v e l   h a v e   b e e n  
i n v e s t i g a t e d   a n d  a s imple  s t a t i s t i c a l  method  used 
t o  estimate t h e   v o l u m e .   T h e   r e l i a b i l i t y  of t h e  
volume estimates i s  g iven  a t  t h e   s y m m e t r i c a l   9 5  
p e r   c e n t   p r o b a b i l i t y   l e v e l .  

The 1: 25000 maps are d i v i d e d   i n t o   s e v e n  
r e s o u r c e   b l o c k s ,   s i x   o f   w h i c h  are a s s e s s e d  
s t a t i s t i c a l l y   a n d   c o n t a i n   b e t w e e n  4.8 and  10.lkm2 
of p o t e n t i a l l y   w o r k a b l e   s a n d   a n d   g r a v e l .   F o r   t h e  
s e v e n t h   r e s o u r c e   b l o c k   i n f e r r e d   a s s e s s m e n t s  are 
o f f e r e d   f o r  5. 2km2 of mine ra l .  The  geology of t h e  
d e p o s i t s  i s  d e s c r i b e d   a n d   t h e   m i n e r a l - b e a r i n g  
area t h e  mean th i ckness   o f   ove rburden   and   mine ra l ,  
a n d   t h e  mean g r a d i n g  are s t a t e d .   D e t a i l e d   s a m p l e  
p o i n t   d a t a  are  g iven .  T h e   g e o l o g y ,   t h e   o u t l i n e s  
o f   t h e   r e s o u r c e   b l o c k s   a n d   t h e   p o s i t i o n   o f   s a m p l e  
p o i n t s   u s e d   i n   t h e   a s s e s s m e n t  are shown on t h e  
accompanying  resource maps. 
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Not e 
N a t i o n a l   G r i d   r e f e r e n c e s  are g i v e n   i n   s q u a r e  
b r a c k e t s .  In t h i s   p u b l i c a t i o n  all l i e   w i t h i n   t h e  
100-km square NT. 

INTRODUCTION 
The  survey i s  c o n c e r n e d   w i t h   t h e   e s t i m a t i o n  of 
r e s o u r c e s ,   w h i c h   i n c l u d e   d e p o s i t s   t h a t  are n o t  
c u r r e n t l y   e x p l o i t a b l e   b u t   h a v e  a f o r e s e e a b l e   u s e ,  
r a t h e r   t h a n   r e s e r v e s ,   w h i c h   c a n   o n l y   b e   a s s e s s e d  
i n   t h e   l i g h t   o f   c u r r e n t ,   l o c a l l y   p r e v a i l i n g ,  
e c o n o m i c   c o n s i d e r a t i o n s .   C l e a r l y ,   b o t h   t h e  
e c o n o m i c   a n d   t h e   s o c i a l   f a c t o r s   u s e d   t o   d e c i d e  
whether  a d e p o s i t  may b e   w o r k a b l e   i n   t h e   f u t u r e  
c a n n o t   b e   p r e d i c t e d ;   t h e y  are l i k e l y   t o   c h a n g e  
w i t h  time. D e p o s i t s   n o t   c u r r e n t l y   e c o n o m i c a l l y  
workable  may b e   e x p l o i t e d   a s  demand i n c r e a s e s ,  as 
h i g h e r   g r a d e   o r   a l t e r n a t i v e  materials become 
s c a r c e ,   o r  as improved   process ing   techniques  are 
a p p l i e d   t o  them.  The  improved  knowledge  of  the 
m a i n   p h y s i c a l   p r o p e r t i e s   o f   t h e   r e s o u r c e   a n d   t h e i r  
v a r i a b i l i t y   w h i c h   t h i s   s u r v e y   s e e k s  t o  p r o v i d e  
w i l l  a d d   s i g n i f i c a n t l y   t o   t h e   f a c t u a l   b a c k g r o u n d  
a g a i n s t   w h i c h   p l a n n i n g   p o l i c i e s   c a n   b e   d e c i d e d  
(Archer ,   1969;   Thurre l l ,   1971,   1981;  Harris and 
o t h e r s ,   1 9 7 4 ) .  

The   su rvey   p rov ides   i n fo rma t ion  a t  t h e  
' i n d i c a t e d '   l e v e l   " f o r   w h i c h   t o n n a g e   a n d   g r a d e  are 
computed p a r t l y   f r o m   s p e c i f i c   m e a s u r e m e n t s ,  
s a m p l e s   o r   p r o d u c t i o n   d a t a   a n d   p a r t l y   f r o m  
p r o j e c t i o n   f o r  a r e a s o n a b l e   d i s t a n c e  on g e o l o g i c  
ev idence .  The si tes a v a i l a b l e   f o r   i n s p e c t i o n ,  
measurement,   and  sampling are t o o   w i d e l y   o r  
o t h e r w i s e   i n a p p r o p r i a t e l y   s p a c e d   t o   p e r m i t   t h e  
m i n e r a l   b o d i e s   t o   b e   o u t l i n e d   c o m p l e t e l y   o r   t h e  
g r a d e   e s t a b l i s h e d   t h r o u g h o u t "   ( B u r e a u  of  Mines  and 
Geologica l   Survey ,   1948,  p. 15). 

I t  f o l l o w s   t h a t   t h e   w h e r e a b o u t s  of r e s e r v e s  
must s t i l l  b e   e s t a b l i s h e d   a n d   t h e i r   s i z e   a n d  
q u a l i t y   p r o v e d  by t h e   c u s t o m a r y   d e t a i l e d  
e x p l o r a t i o n   a n d   e v a l u a t i o n   u n d e r t a k e n  by t h e  
i n d u s t r y .  However, t h e   i n f o r m a t i o n   p r o v i d e d  by 
t h i s   s u r v e y   s h o u l d  assist i n   t h e   s e l e c t i o n   o f   t h e  
b e s t   t a r g e t s   f o r   s u c h   f u r t h e r  work. 

T h e   f o l l o w i n g   a r b i t r a r y   p h y s i c a l  c r i t e r i a  have 
been  adopted: 
a The   depos i t   shou ld   ave rage  a t  least  l m  i n  

t h i c k n e s s .  
b The r a t i o  o f   ove rburden   t o   s and   and   g rave l  

should  be  no  more  than 3:  1. 
c T h e   p r o p o r t i o n  of f i n e s   ( p a r t i c l e s   p a s s i n g   t h e  

No.240 mesh BS s i e v e , a b o u t  kmm) s h o u l d   n o t  
exceed   40   per   cen t .  

s u r f a c e ,   t h i s   b e i n g   t a k e n  as t h e   l i k e l y  
maximum working  depth  under   most  
c i r c u m s t a n c e s .  I t  f o l l o w s   f r o m   t h e   s e c o n d  
c r i t e r i o n   t h a t   b o r e h o l e s  are d r i l l e d  no d e e p e r  
t h a n  18m i f  no sand   and   grave l   has   been  
proved. 

d The depos i t   mus t  l i e  w i t h i n  25m of t h e  

A d e p o s i t  of sand   and   grave l   which   broadly  
meets t h e s e   c r i t e r i a  i s  rega rded  as ' p o t e n t i a l l y  
workable '   and i s  d e s c r i b e d   a n d   a s s e s s e d  as 
' m i n e r a l '   i n   t h i s   r e p o r t .  A s  t h e   a s s e s s m e n t  i s  a t  
t h e   i n d i c a t e d   l e v e l ,   p a r t s   o f   s u c h  a d e p o s i t  may 
n o t   s a t i s f y  a l l  t h e  cr i ter ia .  

F o r   t h e   p a r t i c u l a r   n e e d s   o f   a s s e s s i n g   s a n d   a n d  
g r a v e l   r e s o u r c e s ,  a g r a i n - s i z e   c l a s s i f i c a t i o n  
based on t h e   g e o m e t r i c  scale kmm, brn, Zmm, 4mm, 
16mm has   been   adopted .   The   boundar ies   be tween 
f i n e s   ( t h a t  is, t h e   c l a y   a n d  s i l t  f r a c t i o n s )   a n d  

1 



Figure 1 Sketch-map  showing t h e   l o c a t i o n  and limits 
Sco t l and  

sand,   and  between  sand  and  gravel  m a t e r i a l ,  are 
p laced  a t  % a m  and 4mm r e s p e c t i v e l y  (see Appendix 

T h e   v o l u m e   a n d   o t h e r   c h a r a c t e r i s t i c s  are 
a s s e s s e d   w i t h i n   r e s o u r c e   b l o c k s ,   e a c h   o f   w h i c h ,  
i d e a l l y ,   c o n t a i n s   a p p r o x i m a t e l y  10km2 of sand  and 
g r a v e l .  No accoun t  i s  t a k e n   o f   a n y   f a c t o r s ,   f o r  
e x a m p l e ,   r o a d s ,   v i l l a g e s   a n d   h i g h   a g r i c u l t u r a l   o r  
l a n d s c a p e   v a l u e ,   w h i c h   m i g h t   s t a n d   i n   t h e  way of 
sand   and   g rave l   be ing   exp lo i t ed ,   a l t hough   t owns  
are exc luded .   The   e s t ima ted   t o t a l   vo lume  
t h e r e f o r e   b e a r s  no s i m p l e   r e l a t i o n s h i p   t o   t h e  
amount t h a t   c o u l d   b e   e x t r a c t e d   i n   p r a c t i c e .  

I t  must be emphasised that   the   assessment  
appl ies   to   the   resource   b lock   as   a   whole .   Val id  
conclusions  cannot be  drawn about the   mineral   in  
par ts  of a block,  except i n   t h e  immediate v i c i n i t y  
of t he   ac tua l  sample poin ts .  

C). 

DESCRIPTION OF THE RESOURCE SHEm 

GENERAL 
T h e   r e s o u r c e   s h e e t   a r e a   c o v e r s  400km2 of   country 
on t h e   s o u t h - e a s t e r n   s i d e   o f   E d i n b u r g h   a n d  
inc ludes   t he   t owns   o f   Da lke i th   and   Pen icu ik   and  

of t h e   p u b l i s h e d   r e s o u r c e   s h e e t s   i n   t h e   s o u t h   o f  

t h e   v i l l a g e s  of  Temple,  Gorebridge,  Newtongrange, 
Loanhead,  Bonnyrigg  and  Lasswade,  as well as p a r t  
o f   t h e   s u b u r b s  of Edinburgh   (F igures  1 and  2) .  
The l and   ou t s ide   t he   u rban   deve lopmen t s  i s  main ly  
g iven   ove r   t o   mixed   f a rming ,   w i th  some f o r e s t r y  
and  sheep  husbandry on the   h ighe r   g round .   Pea t  i s  
ext rac ted   commerc ia l ly   f rom  Auchencor th  Moss 
c 2 0  531.  

The   Ca rbon i fe rous   s ed imen t s   t ha t   unde r l i e  
much of t h e  area have   been   ex tens ive ly   worked   for  
c o a l ,   l i m e s t o n e ,   i r o n s t o n e ,   f i r e c l a y ,   o i l   s h a l e  
and   sha l e   fo r   b r i ckmak ing ;  a l l  such  workings  have 
now ceased   except   for   the   Nat iona l   Coal   Board   mine  
a t   B i l s t o n   G l e n  C271 6 5 2 1 ,  a small p r i v a t e   c o a l  
mine a t  Temple c313 5871 ,  t h e   l i m e s t o n e   q u a r r y  a t  
Middle ton  c356 5831 a n d   t h e   q u a r r y   f o r   b r i c k m a k i n g  
s h a l e   a t   N e w b i g g i n g  l 2 6 8  5981. 

The   s and   and   g rave l   r e sources   cove r  54km2 
o r   a b o u t   1 4   p e r   c e n t   o f   t h e   s u r v e y  area. They 
were f i r s t   d e s c r i b e d   s y s t e m a t i c a l l y  by Haldane 
(1948)   and  Goodlet   (1970) .   More  recent ly ,  McAdam 
(1977,   1978)   has   summarised  publ ished  and 
u n p u b l i s h e d   d a t a  on t h e   d e p o s i t s   i n   B o r d e r s   a n d  
Lo th ian   r eg ions .   Asses smen t s   o f   r e sources   i n   t he  
ad jacen t   Lana rk ,   Do lph in ton   and  West L i n t o n ,  
Douglas Water a n d   B i g g a r   a r e a s  are p u b l i s h e d   i n  
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HEIGHT OF LAND IN METRES 

0 

Figure 2 Sketch-map  showing  topography  and l o c a l i t i e s  

Minera l   Assessment   Repor ts   49 ,   62 ,   63   and   95  
r e spec t ive ly   (Lax ton   and   N ick le s s ,  1980; McMillan, 
Laxton  and Shaw, 1981; Shaw and   Nickless ,   1981;  
Shaw a n d   M e r r i t t ,   1 9 8 2 ) .  

The re  are  c u r r e n t l y   f o u r   p i t s   w o r k i n g   s a n d  
a n d   g r a v e l   i n   t h e   a r e a .   T h e s e  are a t  M e l v i l l e  
L298 6651 and  Haveral  Wood C292 6611, n e a r  
Lasswade,  Cowieslinn L239 5151 and  Ship  Horns 
L241 5011, s o u t h  of Leadburn.  Most  of  the 
material i s  d e s t i n e d   f o r   m a r k e t s   i n   t h e   E d i n b u r g h  
a r e a .  

TOPOGRAPHY 
T o p o g r a p h i c a l l y   t h e .   a r e a  i s  dominated by t h e  
Moorfoot   and   Pent land  Hills ( F i g u r e  2 ) .  Much of 

Built-up areas 

0 
I I I I 

5 kdometres 

t h e   u p l a n d   e x c e e d s  300m above OD: most   of   the   sand 
and   g rave l -bea r ing  area l i es  below t h i s   h e i g h t .  
I n   t h e   m a i n   t h e   d r a i n a g e  i s  n o r t h w a r d s   o r  
n o r t h - e a s t w a r d s   i n t o   t h e   F o r t h   E s t u a r y   v i a   t h e  
r i v e r s   N o r t h   a n d   S o u t h  Esk  and  the  Tyne Water. 
T h e   R i v e r   N o r t h   E s k ,   i n   p a r t i c u l a r ,  i s  d e e p l y  
i n c i s e d   a b o v e  i t s  c o n f l u e n c e   w i t h   t h e   R i v e r   S o u t h  
Esk.  The v a l l e y  of the  Tyne Water i s  now occup ied  
by a m i s f i t   s t r e a m ,  a consequence of r i v e r   c a p t u r e  
near   Ror thwick  L371   5971  of the   Midd le ton   Nor th  
and   Middle ton   South   burns  by the   Gore  Water, a 
t r i b u t a r y  of t h e   R i v e r   S o u t h  Esk. I n   t h e   s o u t h   o f  
t h e   r e s o u r c e - s h e e t  area t h e   E d d l e s t o n  Water f l o w s  
s o u t h w a r d s   t o  meet t h e  Tweed a t  P e e b l e s ,   a n d   t h e  
H e r i o t  Water j o i n s   t h e  Gala Water. 

3 
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GEOLOGY 
T h e   r e s o u r c e - s h e e t   a r e a   f a l l s   w i t h i n   t h e   P e e b l e s  
( 2 4 E ) ,   G a l a s h i e l s  (25W), Edinburgh  (32E)  and 
Haddington (33W) s h e e t s  of t h e  1: 50000  Geologica l  
Map of Sco t l and .  The a r e a  was o r i g i n a l l y  
g e o l o g i c a l l y   s u r v e y e d  a t  a s c a l e  of s i x   i n c h e s   t o  
one mile by A. G e i k i e ,  J. G e i k i e ,  B.N.  Peach, 
A * C *  Ramsay, H.H. Howell  and J. Young and 
p u b l i s h e d  a t  the   one - inch   s ca l e   be tween  1859 and 
1 8 7 9 -   D r i f t   l i n e s   f o r   t h e   u p l a n d   a r e a s   o f   t h e  
r e source   shee t   have   been   t aken   f rom  r e su rveys  
between  1872  and  1970 by B.N. Peach,  J. Horne, 
H O E .  Wilson,  T. Robertson,  H.S. Walton, 
J O B .  Simpson, W. Mykura  and W. T u l l o c h .   I n  
c o n n e c t i o n   w i t h   t h e   p r e s e n t   i n v e s t i g a t i o n ,   t h e  
sand   and   g rave l   depos i t s   were   r e su rveyed   du r ing  
1980-82 by J . D .  Floyd,  P.M. Ha lp in ,  A.E.S. Kemp 
and J . L .  Sme l l i e .  

Over much of t h e   a s s e s s m e n t   a r e a ,   Q u a t e r n a r y  
d e p o s i t s   c o m p r i s i n g  till, g l a c i a l  meltwater 
d e p o s i t s ,   a l l u v i u m   a n d   p e a t   o v e r l i e  a v a r i e t y   o f  
rock   t ypes ,   wh ich   r ange   f rom  Ordov ic i an   t o  

Table 1 G e o l o g i c a l   c l a s s i f i c a t i o n   o f   t h e   d e p o s i t s  

DRIFT 
Quate rna ry  

P e a t  
A1 luvium 
Ra i sed   beach   depos i t s  

a n d   a s s o c i a t e d  
e s t u a r i n e   a l l u v i u m ,  
late- t o   p o s t - G l a c i a l  
i n   a g e  

" R o s l i n   T i l l "  
F l u v i o g l a c i a l   s a n d   a n d  

Glacial sand   and   g rave l  
G l a c i o l a c u s t r i n e  

T i  11 

g r a v e l  

d e p o s i t s  

SOLID 
C a r b o n i f e r o u s  

Coal   Measures  

P a s s a g e  Group 

Upper  Limestone  Group 

Limestone  Coal  Group 

Lower  Limestone  Group 

Upper O i l  Shale   Group 

qower O i l  Shale   Group 

Cementstone  Group 

Upper  Old Red Sands tone  

Lower  Old Red Sands tone  

Ordov ic i an  

T h i c k   c o a l  seams, 
sandstone  and  mudstone,  
reddened a t  t o p  

Sands tone   and  
cong lomera te  

T h i c k   s a n d s t o n e   w i t h  a 
f ew  th in   l imes tone   and  
c o a l  seams 

sands tone   and  
mudstone 

mudstone  and a f ew '   coa l  
seams 

t h i n   l i m e s t o n e   a n d  o i l  
s h a l e  

Sandstone,   mudstone  and 
o i l   s h a l e  

Mudstone  and  sandstone 

Th ick   coa l  seams, 

Limes tone ,   sands tone ,  

Mudstone,   sandstone,  

Sands tone  

C o n g l o m e r a t e ,   a n d e s i t i c  
and b a s a l t i c   l a v a   a n d  
m i n o r   f e l s i t i c  
i n t r u s i o n s  

Greywacke,  conglomerate,  
s h a l e ,   c h e r t   a n d  
s p i l i  t e  l a v a  

C a r b o n i f e r o u s   i n   a g e .  The term g l a c i a l  meltwater 
d e p o s i t s   i n c l u d e s   g l a c i a l   s a n d   a n d   g r a v e l ,  
f l u v i o g l a c i a l   s a n d   a n d   g r a v e l   a n d   g l a c i o l a c u s t r i n e  
depos i t s .   The   geo log ica l   s equence  i s  summarised 
i n   T a b l e  L ,  whe re   depos i t s  are l i s t e d ,   a s   f a r  as 
p o s s i b l e ,   i n   o r d e r  of i n c r e a s i n g   a g e .  

S o l i d  
A ske tch-map  of   the   so l id   geology i s  shown i n  
F i g u r e  3. The o l d e s t   r o c k s ,   w h i c h   c r o p   o u t   t o   t h e  
sou th -eas t  of the   Southern   Upland   and  Lammermuir 
f a u l t s ,  are  o f   O r d o v i c i a n   a g e   a n d   i n c l u d e   s h a l e ,  
r e d   a n d   b l a c k   c h e r t ,   s p i l i t i c   l a v a ,   g r e y w a c k e   a n d  
conglomerate.   They were d e p o s i t e d   w i t h i n  a deep,  
e l o n g a t e   b a s i n ,   t h e   a x i s  of  which was o r i e n t e d   i n  
a n o r t h - e a s t e r l y   d i r e c t i o n .  

Dur ing   t he   Ca ledon ian   o rogeny ,   a t  i t s  most 
i n t e n s e   i n  l a t e  S i l u r i a n   a n d   e a r l y   D e v o n i a n  times, 
t h e s e   r o c k s  were f o l d e d   a n d   f a u l t e d   a l o n g  a 
n o r t h - e a s t e r l y   ( C a l e d o n o i d )   t r e n d   a n d   f i n a l l y  
u p l i f t e d   t o   f o r m   t h e   S o u t h e r n   U p l a n d s ,   w h i c h   h a v e  
remained a p o s i t i v e   f e a t u r e   f r o m   D e v o n i a n  times t o  
t h e   p r e s e n t   d a y .  

Forming   par t   o f   the   Pent land  Hills t o   t h e  
no r th -wes t   o f   t he   Pen t l and   Fau l t ,  a small area of 
g reen i sh   cong lomera te   be long ing   t o   t he  Lower  Old 
Red S a n d s t o n e   o c c u r s   a s s o c i a t e d   w i t h  a t h i c k  
sequence   o f   con temporaneous   andes i t i c   and   basa l t i c  
l a v a .  Numerous  minor f e l s i t i c   i n t r u s i o n s   c u t   t h e  
l a v a s  of t h e   P e n t l a n d  Hills. 

A p e r i o d   o f   u p l i f t ,   g e n t l e   f o l d i n g   a n d  
e r o s i o n   o c c u r r e d   p r i o r   t o   d e p o s i t i o n  of t he   r ed -  
brown s a n d s t o n e s  of t h e  Upper  Old Red Sands tone  
Forma t ion   wh ich   c rop   ou t   i n   t he   Co l in ton  area 
l 2 2 1  6891 a n d   u n c o n f o r m a b l y   o v e r l i e   t h e  Lower  Old 
Red Sands tone   l avas .  

I n  t h e   n o r t h - w e s t e r n   p a r t  of t h e   a r e a   t h e  
succeed ing   Ca lc i f e rous   Sands tone   Measures   o f  
Ca rbon i fe rous   age  are s u b d i v i d e d   i n t o   t h r e e  
g roups ,   name ly ,   t he   Cemen t s tones ,   t he  Lower O i l  
Sha les   and   the   Upper  O i l  Shales .   The  Cementstone 
Group   c rops   ou t   on ly   nea r   Co l in ton ,   where  i t  
c o n s i s t s  of s a n d s t o n e   c o n f o r m a b l y   o v e r l y i n g   t h e  
Upper  Old Red Sandstone.  Lower O i l  Shale   Group 
s e d i m e n t s   c o n s i s t  of sandstone,   mudstone  and a few 
o i l   s h a l e s .  T h e y   c r o p   o u t   i n   t h e   C o l i n t o n  area 
and i n  a small s t r i p  o n   t h e   s o u t h - e a s t e r n   s i d e   o f  
the   Pent land   Faul t .   Sediments   o f   the   Upper  O i l  
S h a l e  Group c r o p   o u t   i n  a l o n g   s t r i p  on t h e  
s o u t h - e a s t e r n   s i d e   o f   t h e   P e n t l a n d   F a u l t   a n d  
c o n s i s t  o f   muds tone ,   sands tone ,   th in   l imes tone   and  
s e v e r a l   o i l   s h a l e s ,  some of  which were f o r m e r l y  
mined   hereabouts .   Undiv ided   Calc i fe rous   Sands tone  
M e a s u r e s   s e d i m e n t s   o c c u r   a l o n g   t h e   s o u t h e r n  
margins   o f   the   resource-shee t  area between 
Howgate L-248 5801 and  Borthwick c369 5961. The 
Cementstone  and  Lower  and  Upper O i l  Shale   Group 
sed imen t s  were l a i d  down i n   s h a l l o w   l a g o o n a l  
bod ie s   o f   b rack i sh  water s u b j e c t e d   t o   i n f r e q u e n t  
mar ine   i ncu r s ions   wh ich  became  more common th rough  
time. 

A w i d e s p r e a d   m a r i n e   t r a n s g r e s s i o n   m a r k s   t h e  
base   o f   t he  Lower  Limestone  Group  and  the s t ra ta  
of t h i s   s u b d i v i s i o n  were d e p o s i t e d   i n   m a r i n e   a n d  
de l t a i c   env i ronmen t s .   The   s ed imen t s   compr i se  
c y c l i c   s e q u e n c e s  of l imes tone ,   sands tone ,   muds tone  
and some t h i n   c o a l  seams. Dur ing   succeeding  
Limestone  Coal  Group times, s h a l l o w e r   d e l t a i c  
c o n d i t i o n s   p r e v a i l e d   a n d   n u m e r o u s   t h i c k   c o a l  seams 
were l a i d  down i n  a mixed   success ion   of   sands tone  
and  mudstone  with rare m a r i n e   s h e l l   b e d s .  A 
r e t u r n   t o   a n   a l t e r n a t i n g   m a r i n e   a n d   d e l t a i c  
envi ronment   took   p lace   in   Upper   L imes tone   Group 
times, r e p r e s e n t e d   i n   t h i s  area by t h i c k  
s a n d s t o n e s   a l o n g   w i t h  a f ew  th in   mar ine   l imes tones  
a n d   i n f r e q u e n t ,   m o s t l y   t h i n ,   c o a l s .  

Much o f   t h e   P a s s a g e   G r o u p   c o n s i s t s  Of 

s a n d s t o n e ,   i n   p a r t   c o a r s e   g r a i n e d   a n d   f e l d s p a t h i c ,  
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Rhyolite, trachyte,  andesite  and 

Geologlcal  boundary 

- - Malor  faults 

----$-- AXIS of anticline 

Figure 3 Sketch-map of t h e  s o l i d  geology 
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i n d i c a t i n g  a d o m i n a n t l y   d e l t a i c   e n v i r o n m e n t .  
Conglomerates  are p r e s e n t   i n   p l a c e s   r e s t i n g  on 
e r o d e d   s u r f a c e s  of t he   unde r ly ing   beds .  

, c o n d i t i o n s  were similar i n  many r e s p e c t s   t o   t h o s e  
p r e v a i l i n g   d u r i n g   t h e   d e p o s i t i o n  of t he   L imes tone  
Coal  Group.  Thick  coal seams i n d i c a t e   p r o l o n g e d  
accumula t ion  of v e g e t a t i o n   u n d e r  swamp 
c o n d i t i o n s .   M a r i n e   i n c u r s i o n s   o c c u r r e d   v e r y  
r a r e l y ,   t h o u g h   f o s s i l s  of b r a c k i s h  water b i v a l v e s  
are  common a b o v e   s e v e r a l   c o a l  seams. Sediments  
n e a r   t h e   t o p  of the   Coal   Measures ,   the   younges t  
s o l i d  s t ra ta  found i n   t h e   a r e a ,   h a v e   s u f f e r e d  
seve re   s econda ry   r edden ing   i nvo lv ing   t he  
d e s t r u c t i o n   o r   c a r b o n a t i o n  of c o a l  seams d u r i n g  
d e s e r t   c o n d i t i o n s   i n  l a t e  C a r b o n i f e r o u s   o r  
Permo-Carbonif  erous times. 

T h e   d i s p o s i t i o n  of  most  Carboniferous s t r a t a  
i n   t h e  area i s  c o n t r o l l e d  by t h e   M i d l o t h i a n  
C o a l f i e l d   S y n c l i n e ,  a broad  northward-plunging 
s t r u c t u r e ,   a n d   t n e   a s s o c i a t e d   D ' A r c y - C o u s l a n d  
A n t i c l i n e ,   w h i c h   f o r m s   t h e  Roman  Camp Ridge, on 
i t s  e a s t e r n   f l a n k .  

Dur ing   the   succeeding   Coal   Measures   epoch ,  ~ 

Drif t  
D u r i n g   t h e   Q u a t e r n a r y   t h e  area was g l a c i a t e d  on 
s e v e r a l   o c c a s i o n s   b u t   t h e  l a s t  o r   Devens ian  
g l a c i a t i o n   h a s   p r o b a b l y   o b l i t e r a t e d   a n y   d e p o s i t s  
of ear l ier  phases  of g l a c i a l   a c t i v i t y .  A t  t h e  
peak of t h e   D e v e n s i a n   g l a c i a t i o n ,   a n  ice  s h e e t  
emanat ing   f rom  the   Scot t i sh   Highlands   advanced  
a c r o s s   t h e   n o r t h e r n   p a r t  of t h e  area from west t o  
east. A t  t h e  same t i m e ,   i c e   d e r i v e d   f r o m   t h e  
Southern   Uplands  moved n o r t h - e a s t w a r d s   a l o n g   t h e  
g a p   b e t w e e n   t h e   P e n t l a n d   a n d   M o o r f o o t   h i l l s   t o  
c o a l e s c e   w i t h   t h e   H i g h l a n d  ice  and move e a s t w a r d s  
towards  the  North  Sea.  The basal   lodgement  till 
l e f t  by t h e s e   i c e   s h e e t s  i s  g e n e r a l l y   c o n f i n e d   t o  
the   l ower   g round   and   u sua l ly   t h ins   t owards   t he  
h i l l s .  I t s  compos i t ion  i s  v a r i a b l e   b u t   o f t e n  
shows a c l o s e   r e l a t i o n s h i p   t o   t h e   r o c k s   o v e r   w h i c h  
t h e  ice  moved. Over   most   of   the   Midlothian 
C o a l f i e l d ,   t h e   b a s a l  till is  a s t i f f ,   g r e y   c l a y  
c o n t a i n i n g   m a i n l y  small s t o n e s   w i t h  rare l a r g e  
b o u l d e r s   u p   t o   a b o u t  1.8m i n   d i a m e t e r .  Where t h e  
unde r ly ing   bed rock   con ta ins  a h igh   p ropor t ion   o f  
s a n d s t o n e ,   t h e  t i l l  is  very  sandy.  Apart   from a 
h igh   p ropor t ion   o f   Ca rbon i fe rous   s ed imen t s ,   such  
as sands tone ,   l imes tone ,   muds tone ,   ' i r ons tone ,  
c h e r t   a n d   c o a l ,   t h e  c las t  c o n t e n t   i n c l u d e s  a 
v a r i e d   s u i t e  of igneous   rocks   and  a small 
p e r c e n t a g e   o f   H i g h l a n d   e r r a t i c s .  I n  t h e   s o u t h e r n  
p a r t  of t h e   r e s o u r c e - s h e e t  area greywacke  and 
o t h e r   r o c k s  of Pen t l and  Hills and  Southern  Uplands 
o r i g i n   f o r m  a h i g h   p r o p o r t i o n  of t h e   c l a s t s .  On 
t h e   b a s i s  of p e b b l e   c o u n t   s t u d i e s ,   a n d   w i t h  
suppor t ing   ev idence   f rom rare in t e rbedded   s and   and  
g r a v e l ,   K i r b y  (1968)  p r o p o s e d   t h a t   t h e  till can  be 
s u b d i v i d e d   i n t o  a lower  component  deposited by 
Highland ice ,  and  an  upper   component   deposi ted by 
Southern   Uplands  ice. But   over   most   of   the  
r e source - shee t  area on ly  a s i n g l e   b a s a l  till can 
be r e c o g n i s e d ,   a n d   i n  a r e c e n t   d e t a i l e d   s t u d y   o f  
t h e   a r e a   M a r t i n   ( 1 9 8 1 )   c o n s i d e r e d   t h a t  a l l  t h e  
f e a t u r e s  of t h e   b a s a l  till can   be   accounted   for  by 
a s i n g l e   i c e   s h e e t .   N e v e r t h e l e s s ,  a bo reho le  a t  
H e r i o t  [ 3 9 0  5261 i n d i c a t e d   t h e   p r e s e n c e  of f o u r  
t i l l s ,  one  of  which was dominated by c l a s t s  of 
C a r b o n i f e r o u s   s e d i m e n t s ,   i m p l y i n g   t h a t  on a t  least  
one   occas ion   the   Moorfoot  Hills were overwhelmed 
by g l a c i a l   i c e   f r o m   t h e   n o r t h .  

As t h e  climate a m e l i o r i a t e d ,   t h e   i c e   s h e e t  
h a l t e d  i t s  advance  and  began t o   t h i n   a n d  melt in 
situ, t h e   t o p s   o f   t h e   h i g h e r   h i l l s   b e i n g   t h e   f i r s t  
a r e a s   t o  become i ce - f r eee   Inc reas ing   vo lumes   o f  
meltwater formed  lakes   and   dra inage   sys tems  wi th  
streams f lowing   be low,   wi th in ,  on t o p  of and on 
t h e   m a r g i n s   o f   t h e   m e l t i n g  ice  shee t .   The  

e x t e n s i v e   d e p o s i t s   o f  s i l t ,  s a n d   a n d   g r a v e l   i n   t h e  
M i d l o t h i a n   B a s i n  were l a i d  down d u r i n g   t h i s  
p e r i o d ,   f r e q u e n t l y  as d e l t a s   i n   l a k e s  impounded by 
ice o c c u p y i n g   t h e   F o r t h   E s t u a r y   t o   t h e   n o r t h .   T h e  
d e p o s i t s   g i v e  rise t o  a v a r i e t y   o f   s u r f a c e   f o r m s  
such as terraces, kames  (mounds), k e t t l e   h o l e s  
( d e p r e s s i o n s   l e f t  by m e l t i n g   o f   i s o l a t e d ,   b u r i e d  
b l o c k s  of i c e )   a n d   e s k e r s  ( long s i n u o u s   r i d g e s ) .  
I n   t h e   u p p e r   p a r t   o f   t h e   v a l l e y   o f   t h e   E d d l e s t o n  
Water meltwater l a i d  down a n   e x t e n s i v e ,   t h i c k   p i l e  
o f   s a n d   a n d   g r a v e l   w h i c h   f o r  a time impeded 
d r a i n a g e   t o   t h e   s o u t h   a n d   c a u s e d   t h e   p r e s e n t - d a y  
Edd les ton  Water t o   e x c a v a t e  a new route   between 
t h e   d e p o s i t   a n d   t h e  east s i d e  of t h e   v a l l e y .  

A d j a c e n t   t o   t h e   M o o r f o o t  Hills t h e   g r a v e l s  
c o n t a i n  a h i g h   p r o p o r t i o n  of greywacke  pebbles  
de r ived   f rom  the   Sou the rn   Up lands .  As f a r   n o r t h  
as Howgate  and  Borthwick  greywacke is s t i l l  t h e  
most common s i n g l e  component   of   the   gravels .  
N o r t h w a r d s   t h e   g r a v e l s   c o n t a i n   i n c r e a s i n g  
q u a n t i t i e s  of p e b b l e s   d e r i v e d   f r o m   t h e   u n d e r l y i n g  
Carbon i fe rous   rocks ,   no tab ly   s ands tone ,   and  
i g n e o u s   r o c k s   o r i g i n a t i n g   m a i n l y   f r o m   t h e   P e n t l a n d  
Hills. 

c o r r e s p o n d i n g   w i t h   t h e  area c o l o u r e d   l i g h t   r e d  on 
t h e   n o r t h e r n   r e s o u r c e   s h e e t ,   t h e   f l u v i o g l a c i a l  
s a n d s   a n d   g r a v e l s  are o v e r l a i n  by t h e   s o - c a l l e d  
"Ros l in  T i l l "  (Kirby,   1968) ,  a r e d d i s h  brown s t o n y  
c l a y   w h i c h   a l s o  l ies d i r e c t l y  on t h e   b a s a l  t i l l  i n  
p l a c e s .  It h a s   b e e n   v a r i o u s l y   i n t e r p r e t e d   a s   t h e  
lodgement till of a re-advance  of ice f rom  the  
Southern  Uplands  (Mitchel l   and  Mykura,   1962)   and 
from  the  north  (Kirby,   1968) .   However ,   Mart in  
(1981) c o n c l u d e d   t h a t   t h e   R o s l i n  T i l l  was p robab ly  
d e p o s i t e d  by "debr i s   f l ows"   and  i s  n o t   t h e   p r o d u c t  
of a n  ice sheet   re-advance.  A similar d e p o s i t ,  
a l s o   r e s t i n g  on f l u v i o g l a c i a l   s a n d s   a n d   g r a v e l s ,  
h a s   b e e n   r e c o r d e d   d u r i n g   t h e   p r e s e n t   i n v e s t i g a t i o n  
n e a r   C o a t e s  L217 6091, i n   t h e  Temple area between 
C a r r i n g t o n  [319 6051 and  Yorkston L315   5661  and 
n o r t h  of  Borthwick. 

Numerous g l a c i a l   d r a i n a g e   c h a n n e l s   c u t   i n  
rock ,  till a n d   g r a v e l  were formed a t  d i f f e r e n t  
s t a g e s   d u r i n g   t h e   m e l t i n g  of t h e  ice s h e e t .  Many 
channe l s  are o r i e n t e d   a p p r o x i m a t e l y  east-west, 
p a r a l l e l   t o   t h e  ice margin,  and were excava ted  by 
g l a c i a l  meltwaters a t  a time when t h e  most d i r e c t  
n o r t h e r l y   e s c a p e   r o u t e  was s t i l l  blocked by t h e  
decaying ice s h e e t .  

S i n c e   t h e  ice  f i n a l l y   m e l t e d   a b o u t   1 2 5 0 0  
y e a r s   a g o   t h e   g l a c i a l   d e p o s i t s   h a v e   b e e n   p a r t l y  
e r o d e d ,   t r a n s p o r t e d   a n d   r e d e p o s i t e d  as a l l u v i u m  
dur ing   t he   deve lopmen t  of t h e   p r e s e n t   d r a i n a g e  
system. I n  t h e   e x t r e m e   n o r t h   o f   t h e  
r e source - shee t  area f l u v i o g l a c i a l   s a n d s   a n d  
g r a v e l s  were reworked  during a pe r iod   o f   h igh  sea 
l e v e l   t o   f o r m   r a i s e d   b e a c h   d e p o s i t s   i n   t h e   v a l l e y  
of the   River   Esk ,   nor th   o f   Dalke i th .  On t h e   h i g h  
g r o u n d   s o u t h   o f   P e n i c u i k   s e v e r a l   l a r g e  areas of 
p e a t   f o r m e d ,   t h e   m o s t   e x t e n s i v e   b e i n g   t h a t   o f  Hare 
Moss [20 561. 

In  the  Loanhead-Rosl in  area L27 641, 

COMPOSITION OF THE  MINERAL  DEPOSITS 
On t h e   b a s i s  of  observed  morphology  and  grading, 
t h e   s a n d   a n d   g r a v e l   d e p o s i t s  of t h e   s u r v e y   a r e a  
c a n   b e   c l a s s i f i e d   i n t o   t h r e e   m a i n   t y p e s :  
f l u v i o g l a c i a l   s a n d   a n d   g r a v e l ,   g l a c i a l   s a n d   a n d  
g rave l   and   a l luv ium.   A l though  less common, 
d e p o s i t s  of s a n d   a n d   g r a v e l   a r e   a l s o   f o u n d   i n   t h e  
till and i n   t h e   g l a c i o l a c u s t r i n e   d e p o s i t s .   T h e s e  
groups are used as t h e   b a s i s   € o r   t h e   d e s c r i p t i o n  
o f   t he   compos i t ion   o f   t he   s and   and   g rave l .  
D e t a i l e d   p a r t i c l e - s i z e   d i s t r i b u t i o n   i n f o r m a t i o n  i s  
g i v e n   i n   T a b l e s  9 t o  1 5 .  F i g u r e s  4 t o  8 d i s p l a y  
g r a p h i c a l l y   t h e   c u m u l a t i v e  mean g r a d i n g   a n d   s i z e  
f r e q u e n c y   d i s t r i b u t i o n   f o r   e a c h   c a t e g o r y   o f  
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d e p o s i t .  The enve lope   w i th in   wh ich   t he   cumula t ive  
mean g r a d i n g s   o f   d e p o s i t s   f r o m   i n d i v i d u a l  
b o r e h o l e s  l i e  i s  a l s o  shown. 

Fluvioglacial  sand and gravel F l u v i o g l a c i a l   s a n d  
a n d   g r a v e l   u n d e r l i e s   t e r r a c e s   i n   t h e   v a l l e y s   o f  
t h e   r i v e r s   N o r t h   E s k   a n d  Tyne.  The d e p o s i t s   i n  
t he   va l l ey   o f   t he   Tyne   Wate r   ex t end   f rom  sou th  of 
Bor thwick   to   Temple  C317 5861.  In t h e  area 
between  Auchendinny C255  6211, Loanhead L233  6561 
a n d   t h e   P e n t l a n d  Hills l a t e r a l l y   e x t e n s i v e  
d e p o s i t s   o f   f l u v i o g l a c i a l   s a n d   a n d   g r a v e l  up t o  a t  
least  20m t h i c k   o c c u r   b e n e a t h   t h e   R o s l i n  T i l l .  
F l u v i o g l a c i a l   d e p o s i t s  are a l s o   c o v e r e d  by t h i n  
t i l l  i n   t h e   a r e a   b e t w e e n   C a r r i n g t o n   a n d  Temple. 

Pebble   counts  of t h e   f l u v i o g l a c i a l   g r a v e l s  
are g i v e n   i n   T a b l e  3.  O v e r a l l ,   t h e   f l u v i o g l a c i a l  
sand   and   grave l   has  a mean g rad ing  of f i n e s  11 p e r  
c e n t ,   s a n d  64 p e r   c e n t   a n d   g r a v e l   2 5   p e r   c e n t  
( F i g u r e  4 ) .  The d e p o s i t s   r a n g e   i n   c l a s s i f i c a t i o n  
from 'very  clayey'  sand t o  gravel ( f o r   d e f i n i t i o n  
of   t e rms  see Appendix  C); some cobb les  may be 
p r e s e n t .  

I n  t h e  area between  Penicuik C238 5981 and 
Bonnyrigg l 3 1 6   6 5 3 1  commonly th i ck   s and   s equences  
are  o v e r l a i n  by g rave l   and   s andy   g rave l .  From 
B o n n y r i g g   n o r t h - e a s t w a r d s   t h e   d e p o s i t s  become 
th inne r   and   gene ra l ly   compr i se   g rave l ,   t hough   s and  
may predominate  i n  p l a c e s .   F l u v i o g l a c i a l   s a n d   a n a  
g r a v e l   i n   t h e   v a l l e y   o f   t h e  Tyne Water becomes 
generally  more  sandy  downstream.  The  most 
g r a v e l l y   d e p o s i t s   o c c u r   i n   t h e  area between 
Carr ington  and  Temple,   though  north  of   Pathhead 
L-394 6 4 4 1  t h e   d e p o s i t s   o n c e  more  become g rave l -  
r i c h .  

The s a n d   f r a c t i o n  i s  g e n e r a l l y   q u a r t z - r i c h  
b u t   a l s o   c o n t a i n s  some l i t h i c   f r a g m e n t s ,   c o a l   a n d  
f e l d s p a r   g r a i n s .   F i n e s   o c c u r   e i t h e r  as  t h i n  seams 
o f  s i l t  a n d   c l a y   o r  are d i s semina ted   t h roughou t  
t h e   c o a r s e r   f r a c t i o n s .  

Glacial  sand and gravel Hummocky and moundy 
d e p o s i t s   o f   g l a c i a l   s a n d   a n d   g r a v e l   o c c u r   m a i n l y  
i n   t h e  area south   and  west of  Temple  and  south  and 
west o f   P e n i c u i k .   S m a l l   i s o l a t e d   p a t c h e s   a r e  
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Figure 4 G r a d i n g   c h a r a c t e r i s t i c s  of r e s o u r c e s   i n  
t h e   f l u v i o g l a c i a l   s a n d   a n d   g r a v e l .  The  shaded 
area d e f i n e s   t h e   e n v e l o p e   w i t h i n   w h i c h   t h e  
cumula t ive  mean g rad ings   o f   t he   mine ra l   p roved  a t  
i n d i v i d u a l   s a m p l e   p o i n t s   f a l l ;   t h e   c e n t r e   l i n e  
r e p r e s e n t s   t h e   c u m u l a t i v e  mean; t h e   f r e q u e n c y  
d i s t r i b u t i o n  of t h e  mean g r a d i n g  (k t o  64 mm) i s  
r e p r e s e n t e d  by t h e   b a r   g r a p h  

f o u n d   a l o n g   t h e   s o u t h - e a s t e r n   s i d e  of t h e   P e n t l a n d  
Hills a n d   e x t e n d   i n t o   t h e   s o u t h e r n   o u t s k i r t s  of 
Edinburgh; a few i s o l a t e d  areas of g l a c i a l   s a n d  
a n d   g r a v e l   a l s o   o c c u r  on t h e   v a l l e y   s i d e s  of t h e  
Tyne Water. T h i s   d e p o s i t   h a s   a l s o   b e e n   i d e n t i f i e d  
b e n e a t h   a l l u v i u m   i n   t h e   v a l l e y   o f   t h e   H e r i o t  
Water. 

I n  t h e  Temple area to   t he   no r th -wes t  of t h e  
Moorfoot Hills greywacke i s  a b u n d a n t ,   o t h e r  
c o n s t i t u e n t s   b e i n g   p o o r l y   r e p r e s e n t e d .  The g r a v e l  
t h a t   o c c u r s   b e n e a t h   a l l u v i u m   i n   t h e   v a l l e y   o f   t h e  
H e r i o t  Water i s  predominantly  composed  of 
greywacke .   This ,   toge ther   wi th  a h i g h   c o n t e n t  of 
f l a k y   m u d s t o n e   c l a s t s  (14 p e r   c e n t ) ,   i n d i c a t e s  a 
l o c a l   o r i g i n   f o r   t h e   d e p o s i t   b e c a u s e   t h e   c l a s t s  
have   su f f e red  l i t t l e  a b r a s i o n .  The   s and   f r ac t ion  
i s  m a i n l y   q u a r t z ,   t h o u g h   l i t h i c   f r a g m e n t s  are 
p r e s e n t .   F i n e s   o c c u r  as d i s s e m i n a t e d  s i l t  and 
c l a y .  

O v e r a l l ,   t h e   d e p o s i t   h a s  a mean g rad ing   o f  
f i n e s  1 2  p e r   c e n t ,   s a n d   5 2   p e r   c e n t   a n d   g r a v e l  36 
p e r   c e n t .  Some c o b b l e   g r a v e l  may b e   p r e s e n t .  The 
range of g r a d i n g   w i t h i n   t h e   d e p o s i t   ( F i g u r e  5 )  i s  
from 'very  clayey'  sand t o  gravel w i t h  a low f i n e s  
c o n t e n t .   G l a c i a l   s a n d   a n d   g r a v e l  as sampled i s  
similar t o   t h e   f l u v i o g l a c i a l   s a n d   a n d   g r a v e l   i n  
terms of mean g r a d i n g   c h a r a c t e r i s t i c s ,   t h o u g h  i t  
i s  1 2  p e r   c e n t  more g r a v e l - r i c h .  The mean f i n e s  
c o n t e n t s   a r e   v i r t u a l l y   i d e n t i c a l .  I n  t h e  areas 
where   on ly   pa t chy   depos i t s  of g l a c i a l   s a n d   a n d  
g r a v e l   o c c u r   t h e r e  i s  no o b s e r v e d   s y s t e m a t i c  
v a r i a t i o n   i n   g r a d i n g   c h r a c t e r i s t i c s   f r o m   o n e  
d e p o s i t   t o   a n o t h e r .   S o u t h  of  Temple,  where 
g l a c i a l   s a n d   a n d   g r a v e l   o c c u r s  more e x t e n s i v e l y ,  
t h e   d e p o s i t  i s  predominant ly   gravel-r ich.   Between 
Penicu ik   and  Mount L o t h i a n  C272  5691 and  between 
Gladhouse   Reservoi r  C300  5351 and  Ches te r  H i l l  
C342  5621 t h e   d e p o s i t s  are more  sandy  and may be 
of a p p r e c i a b l e   t h i c k n e s s ,  as i n   b o r e h o l e   2 5  NW 80. 

Alluvium The  most   cont inuous  spreads  of   a l luvium 
are  c o n f i n e d   t o   t h e   v a l l e y s   o f   t h e   H e r i o t  Water 
and i t s  t r i b u t a r i e s   i n   t h e   e x t r e m e   s o u t h - e a s t   o f  
t h e   r e s o u r c e   s h e e t   a r e a ,   a n d   t o   t h e   v a l l e y   o f   t h e  
Tyne   Water .   The   va l leys   o f   the   r ivers   Nor th   and  
S o u t h   E s k   c o n t a i n   o n l y   s c a t t e r e d   d e p o s i t s   o f  
a l luv ium;   a l though  a number  of t e r r a c e   l e v e l s   h a v e  
b e e n   i d e n t i f i e d ,   t h e s e  are o f t e n   e r o s i v e   f e a t u r e s ,  
e s p e c i a l l y   n o r t h   o f   N e w b a t t l e  r 3 3 2   6 5 8 1  and 

FINES SAND GRAVEL 

4 3  2 1 0 - 1  - 2 - 3 - 4 - 5  0 

'46 k k k 1 2 4 8 16 32 64 

Aperture slze In mllllrnetres 
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t h e   g l a c i a l   s a n d   a n d   g r a v e l ;  € o r  e x p l a n a t i o n   s e e  
F i g u r e  4 
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Figure 5 G r a d i n g   c h a r a c t e r i s t i c s   o f   r e s o u r c e s   i n  
t h e   a l l u v i u m ;   f o r   e x p l a n a t i o n  see F i g u r e  4 

Bonnyr  igg . Elsewhere   a l luv ium i s  p a t c h i l y  
d e v e l o p e d   a d j a c e n t   t o  streams a t  and   south   o f  
Temple. Some l a t e r a l l y   e x t e n s i v e   a r e a s   o f  
a l l u v i u m  are found a t  t h e   n o r t h - e a s t e r n   e n d   o f   t h e  
P e n t l a n d  Hills i n   C o l i n t o n  L-220 6901  and  west  of 
Loanhead. 

Samples   o f   a l l uv ium  t aken   f rom  the   va l l ey   o f  
t h e   H e r i o t  Water d u r i n g   t h i s   s u r v e y   g r a d e  as 
mine ra l .   Boreho les ,   fo r   example   36  NW 343,  
d r i l l e d   i n   a l l u v i u m   o f   r i v e r   v a l l e y s   i n   o t h e r  
p a r t s   o f   t h e   s u r v e y  area i n d i c a t e   t h a t   t h e s e  
d e p o s i t s  are l o c a l l y   p o t e n t i a l l y   w o r k a b l e .  
Because of t h e   l i m i t e d   e x t e n t   o f   t h e   a l l u v i u m   i n  
r e l a t i o n   t o   t h e  scale o f   t he   a s ses smen t   su rvey  i t  
h a s   n o t   b e e n   p o s s i b l e   t o   i n v e s t i g a t e   t h e   d e p o s i t s  
s y s t e m a t i c a l l y .  

P o t e n t i a l l y   w o r k a b l e   a l l u v i u m   h a s   a n   o v e r a l l  
mean g rad ing  of f i n e s  8 p e r   c e n t ,   s a n d   3 5   p e r   c e n t  
a n d   g r a v e l  57 p e r   c e n t   ( F i g u r e  6 ) .  It r a n g e s  
from 'very  clayey'  pebbly sand t o  gravel ,  i n  which 
a b o u t  30 p e r   c e n t   o f   t h e   d e p o s i t  may exceed 64mm. 

The a l l u v i u m   i n   t h e   v a l l e y   o f   t h e   H e r i o t  
Water i s  greywacke-r ich  and  has  a r e l a t i v e l y   h i g h  
m u d s t o n e   c o n t e n t ,   t h e   m a t e r i a l   b e i n g   l o c a l l y  
d e r i v e d .   F i e l d   o b s e r v a t i o n s   s u g g e s t   t h a t  else- 
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Figure 8 G r a d i n g   c h a r a c t e r i s t i c s   o f   r e s o u r c e s   i n  
t h e   g l a c i o l a c u s t r i n e   d e p o s i t s ;   f o r   e x p l a n a t i o n  see 
F i g u r e  4 

where   a l luv ium  can   be   expec ted   t o   have  a g r a v e l  
compos i t ion  similar t o   t h a t   f o r   n e i g h b o u r i n g   s a n d  
a n d   g r a v e l   d e p o s i t s .  The s a n d   f r a c t i o n   c o n s i s t s  
o f   l i t h i c   f r a g m e n t s ,   q u a r t z   a n d  some c o a l .  

T i l l  T i l l  i s  w i d e l y   d i s t r i b u t e d   o v e r   t h e  
r e source - shee t  area,  bu t ,   p robab ly   because  i t  was 
n e v e r   d e p o s i t e d   t h e r e ,  i t  i s  absen t   f rom  the  
h i g h e r   p a r t s   o f   t h e   P e n t l a n d   a n d   M o o r f o o t   h i l l s  
and on t h e   h i g h e s t   p a r t s   o f   t h e  Roman  Camp Ridge,  
f rom  Gorebridge  c346  6131  to   beyond  Cousland 
C378  6841. In t h e   v a l l e y s   o f   t h e   r i v e r s   N o r t h   a n d  
S o u t h   E s k   a n d   t h e i r   t r i b u t a r i e s ,   a n y  till which 
was p r e s e n t   h a s   s u b s e q u e n t l y   b e e n   l a r g e l y  removed 
by r i v e r s   c u t t i n g  down t h r o u g h   t h e   d r i f t  
depos i t s .   Bedrock  i s  commonly e x p o s e d   i n   t h e s e  
i n c i s e d   v a l l e y s ,   e s p e c i a l l y   i n   t h e   v a l l e y s   s o u t h  
of   Bonnyrigg  and  Newtongrange,   where  a l luvial  
d e p o s i t s  are g e n e r a l l y   a b s e n t .  

L o c a l l y   b o r e h o l e s   p r o v e   t h e  till t o   c o m p r i s e  
a p o t e n t i a l   r e s o u r c e   w i t h  a mean g r a d i n g   o f   f i n e s  
15 p e r   c e n t ,   s a n d  42 pe r   cen t   and   g rave l   43   pe r  
c e n t   ( F i g u r e  7 ) .  The r a n g e   i n c l u d e s  material 
c l a s s i f i e d  as 'very  clayey'  pebbly sand t o  
gravel.  The l i t h o l o g i e s   c o n t a i n e d   i n   t h e   g r a v e l  
f r a c t i o n ,   a n d   i n   t h e  till i n   g e n e r a l ,  are  
e s s e n t i a l l y  similar t o   t h o s e   f o u n d   i n   t h e   m a j o r  
s a n d   a n d   g r a v e l   d e p o s i t s ,   e x c e p t   t h a t   t h e r e  i s  a 
t e n d e n c y   f o r   t h e   l o c a l   b e d r o c k   t o   e x e r t  a g r e a t e r  
i n f l u e n c e  on t h e  c las t  compos i t ion   o f   t he  till. 

Glaciolacustr ine  deposi ts  A number  of  boreholes 
a c r o s s   t h e   r e s o u r c e - s h e e t  area encoun te red  
d e p o s i t s   w h i c h ,  on t h e   b a s i s   o f   a b u n d a n c e   o f  
material f i n e r   t h a n  0.125mm (norma l ly  more t h a n  80 
p e r   c e n t   o f   t h e   d e p o s i t ) ,  are c o n s i d e r e d   t o   h a v e  
been  formed i n  ice-dammed l a k e s .   T h e   d e p o s i t s  are  
main ly   o f   c lay   and  s i l t  ( w i t h  seams of f i n e   s a n d )  
b u t   l o c a l l y   t h e y   c o m p r i s e  ' v e r y  clayey' sand and 
as  such  form a p o t e n t i a l   r e s o u r c e   w h i c h   h a s  a mean 
g r a d i n g   o f   f i n e s   2 3   p e r   c e n t ,   s a n d  77 p e r   c e n t  
w i t h  a trace o f   f i n e   g r a v e l   ( F i g u r e  8 ) .  The 
c a t e g o r i e s   o f   d e p o s i t   p r e s e n t  are more r e s t r i c t e d  
t h a n   f o r   o t h e r   p o t e n t i a l l y   w o r k a b l e   m a t e r a l ,  
ranging  f rom 'very  ctayey'  sand t o  'clayey'  pebbly 
sand. 

Figure 7 G r a d i n g   c h a r a c t e r i s t i c s   o f   r e s o u r c e s   i n  
t h e  till; f o r   e x p l a n a t i o n  see F i g u r e  4 
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PETROGRAPHY,  MECHANICAL AND PHYSICAL  PROPERTIES OF 
THE AGGREGATE 
Aggregate   impact   va lue   (AIV) ,   aggrega te   c rush ing  
v a l u e  (ACV), 10 p e r   c e n t   f i n e s   v a l u e ,   r e l a t i v e  
dens i ty   (on   oven-d r i ed   and   su r f ace -d r i ed   bases ) ,  
a p p a r e n t   r e l a t i v e   d e n s i t y   a n d   w a t e r   a b s o r p t i o n  
were   de t e rmined   i n   acco rdance   w i th  BS 812:1975 f o r  
a s e l e c t i o n   o f   s a m p l e s   r e p r e s e n t i n g   t h e   m a j o r  
d e p o s i t s   o f   s a n d   a n d   g r a v e l   w i t h i n   t h e   s u r v e y  
area. The aggrega te   impac t   va lue   r e s idue  (AIVR) 
a n d   a g g r e g a t e   c r u s h i n g   v a l u e   r e s i d u e  (ACVR), as  
d e f i n e d  by Ramsay (1965)   and   Dhi r   and   o thers  
(1971) ,  were a lso   de te rmined .   Composi t ion  
ana lyses   (pebb le   coun t s )   were   conduc ted  on t h e  
s a m p l e s   i n   a n   a t t e m p t   t o  re la te  d i f f e r e n c e s   i n  
tes t  r e s u l t s   t o   t h e   g r a v e l   l i t h o l o g i e s .  

The   pebb le   coun t s ,   mechan ica l   and   phys i ca l  
tes ts  were   unde r t aken   u s ing  10- t o  14-mm s i z e  
m a t e r i a l  (BS 812.1:1975).  In o r d e r   t o   p r o v i d e  
s u f f i c i e n t  material f o r   t h e   r a n g e  of tests , 
samples   f rom  bo reho les   and   work ing   p i t s  were 
combined as n e c e s s a r y .  The s o u r c e s  of t h e  
composi te   samples  are g i v e n   i n   T a b l e  2. A l l  
m a t e r i a l  was washed  and  oven-dried  before   tes t ing,  
i n   a c c o r d a n c e   w i t h  BS 812-3:1975. The 
g e o g r a p h i c a l   d i s t r i b u t i o n   o f   t h e   b o r e h o l e s   f r o m  
which  samples   were  taken i s  shown i n   F i g u r e   9 .  

G r a v e 2  composition The p e b b l e   c o u n t   d a t a   a r e  
g i v e n   i n   T a b l e  3 .  Sed imen ta ry   rocks   a r e   t he   mos t  
abundan t   l i t ho log ie s   and   a lways   compr i se  more t h a n  
60   pe r   cen t   o f   t he   t o t a l :   s ands tone   and   g reywacke  
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Table 2 S o u r c e s   a n d   g e o l o g i c a l   c l a s s i f i c a t i o n   o f   c o m p o s i t e  test samples  

Composite G e o l o g i c a l   c l a s s i f i c a t i o n  
Sample Number o f   d e p o s i t  

Bo r e h o l e  s and  working 
p i t s  from  which  samples 
were t aken  

Depth  range 
(m) 

1 Glac ia l   s and   and   g rave l   and  26 NE 252 
f l u v i o g l a c i a l   s a n d   a n d   g r a v e l  2 6  NE 255 

26 NE 257 

0.3 - 4.3 
4.2 - 16.1 
5.0 - 7.0 

2 F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  26 SE 1 5 9  
26 SE 162 
26 SE 1 6 5  

0.3 - 6.6 
0 .3  - 15.7 
0.4 - 10.7 

Glac ia l   s and   and   g rave l  

G l a c i a l   s a n d   a n d   g r a v e l  

25 SW 1 4  
2 5  SW 1 5  

0.2 - 6.2 
0.3 - 4.5 

25 SW 1 6  
25 SW 1 8  
N e t h e r   F a l l a  
Sh iphorns  

3.0 - 4.0 
0.3 - 4.7 
Face  
Face 

5 Glac ia l   s and   and   g rave l   and  
f l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

25 NE 1 3 4  
2 5  NE 137 

0.3 - 12.5  
1.5 - 10.6 

15.7 - 18.1  
0.2 - 1.7 
5.2 - 6.2 
0.3 - 6.7 

2 5  NE 1 3 9  

2 5  NE 1 4 0  

6 Glac ia l   s and   and   g rave l  2 5  NE 136 
25 NE 1 3 8  
25 SE 1 
25 SE 3 
25 SE 4 

0.2 - 2.8 
0.1 - 5.1  
0.2 - 6.8 
1.0 - 6.2 
0.2 - 4.3 

7 F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  35 NW 297 
35 NE 2 8  
35 NE 29 

0.4 - 8.8 
5.2 - 10.3 
0.3 - 9.7 

15.0 - 17.1  
0 . 3  - 3.3 
0.5 - 5.5 
7.5 - 8.6 

35  NE 30 
35 NE 31  

8 Al luv ium  and   g l ac i a l   s and  
a n d   g r a v e l  

35 SE 1 0.3 - 10.5  

are t h e  most   dominant   l i tho logies ;   muds tone   and  
f i n e   t o  medium g r a i n e d   i g n e o u s   r o c k s ,   i n c l u d i n g  
b a s a l t ,   a n d e s i t e   a n d   f e l s i t e  are less common. The 
vo lcan ic   componen t   gene ra l ly   compr i se s   sub -equa l  
amoun t s   o f   andes i t e   and   basa l t ,   a l t hough   one  may 
c o n s i d e r a b l y   e x c e e d   t h e   o t h e r ,  as in   s amples  2 ,  5 
and 6 ;  however, i t  was s o m e t i m e s   d i f f i c u l t   t o  
d i s t i n g u i s h   t h e s e   r o c k   t y p e s   i n   h a n d   s p e c i m e n .  
O t h e r   r o c k   t y p e s ,   i n c l u d i n g   p o r p h y r y ,   q u a r t z i t e ,  
g r i t s ,   c h e r t  a n d   v e i n - q u a r t z ,   w i t h   r a r e   c o a l ,  
l imes tone   and   i rons tone ,   compr i se   t he   bu lk   o f   t he  
remainder .   Metamorphic   and  coarse   grained  igneous 
rocks  are rare. 

It i s  ev ident   f rom  the   pebble   counts   and   f rom 
f i e l d   o b s e r v a t i o n s   t h a t   p r o p o r t i o n s   o f   t h e  
predominant   rock  types  (sandstone,   greywacke  and 
v o l c a n i c   r o c k s )   i n   t h e   s a n d   a n d   g r a v e l   d e p o s i t s  
are i n f l u e n c e d  by t h e   l o c a l   b e d r o c k   g e o l o g y .  The 
Moorfoot Hills  a n d ,   m o r e   g e n e r a l l y ,   t h e   n o r t h -  
e a s t e r n   p a r t   o f   t h e   S o u t h e r n   U p l a n d s   a r e  composed 
mainly of T,ower Palaeozoic   greywackes.   The 
a d j a c e n t   f l u v i o g l a c i a l   s a n d   a n d   g r a v e l   a n d   t h e  
g l a c i a l   s a n d   a n d   g r a v e l   d e p o s i t s   ( e s p e c i a l l y )  are 
cor respondingly   g reywacke- r ich .   This  i s  a l s o   t r u e  
o f   t h e   d e p o s i t s   o f   a l l u v i u m   a n d   g l a c i a l   s a n d   a n d  
g r a v e l   i n   t h e   v a l l e y   o f   t h e   H e r i o t  Water. 

Vo lcan ic   rocks   de r ived   f rom  the   Pen t l and  

Hills i n f l u e n c e   t h e   c o m p o s i t i o n   o f   d e p o s i t s   f o u n d  
on   t he   no r th -wes t   and   t owards   t he   cen t r e   o f   t he  
Esk   Bas in ,   where   t he   g rave l s   con ta in  a noteworthy 
p ropor t ion   o f   vo lcan ic   rocks   and   t he   g reywacke  
c o n t e n t  i s  much reduced.  The sandstone  component 
of t h e s e   d e p o s i t s  i s  a l s o  much h i g h e r   t h a n   i n  
d e p o s i t s   i n   t h e   s o u t h - e a s t   o f   t h e   r e s o u r c e - s h e e t  
area, the   s ands tones   be ing   de r ived   f rom  Devon ian  
and   Carboni ferous  s t ra ta ,  bo th  of   which  crop  out  
l o c a l l y .  

On t h e   b a s i s  of t h e   p e b b l e   c o u n t   d a t a ,   t h e  
c o m p o s i t e   s a m p l e s   c a n   b e   s u b d i v i d e d   i n t o   t h r e e  
main  groups.   Samples 1 , 2 , 3,5  and 7 (Group 1) are 
c h a r a c t e r i s e d  by greywacke ( 1 8  t o  5 4  p e r   c e n t ) ,  
s a n d s t o n e  ( 1 8  t o  32 p e r   c e n t )   a n d   v o l c a n i c   r o c k s  
(11 t o  2 5  p e r   c e n t ) .   G e n e r a l l y ,   s m a l l   a m o u n t s  of 
l i m e s t o n e   a r e   p r e s e n t ,   a l t h o u g h   s a m p l e  1 
c o n t a i n i n g  7 p e r   c e n t  i s  e x c e p t i o n a l .   S a m p l e s  4 
and 6 (Group 2 )  conta in   abundant   g reywacke  (77  and 
84 p e r   c e n t   r e s p e c t i v e l y ) .   A r g i l l a c e o u s  c las ts  
( h e r e i n a f t e r   r e f e r r e d   t o  as mudstone)  comprise 11 
and 5 p e r   c e n t   o f   t h e   t o t a l ,   b u t   o t h e r   l i t h o l o g i e s  
i n d i v i d u a l l y   n e v e r   e x c e e d  5 p e r   c e n t .  Compared 
w i t h   t h e   p r e v i o u s   g r o u p ,   s a n d s t o n e s   a r e   p o o r l y  
represented .   Al though  having  many s imilar i t ies  t o  
samples  4 and 6 ,  sample 8 (Group 3 )  i s  c o n s i d e r e d  
t o  b e   d i s t i n c t .  The s a n d s t o n e   c o n t e n t  i s  s l i g h t l y  
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Table 3 P e b b l e   c o u n t s  of  composi te  test samples  1 t o  8 (+10-14mm s i z e   f r a c t i o n )  
( F o r   o r i g i n  of samples  see T a b l e  2). 

Composite  sample  number 1 2  3 4 5  6 7 8 

F l i n t  ( 3 )  

Gabbro ( 4 )  

G r i t s t o n e  ( 6 )  

Limes tone  ( 8 )  

Porphyry  ( 9 )  

Q u a r t z i t e  (10) 

S c h i s t  (11) 

O t h e r s  

B r i t i s h   S t a n d a r d   T r a d e  Rock t y p e  
Group 

B a s a l t ( 2 ) *  Basalt 
A n d e s i t e  
T o t a l ,   u n d i v i d e d  

C h e r t  

Gabbro 
D o l e r i t e  
To t a l ,  undiv ided  

Greywacke 
Sands tone  
Grit 
T o t a l ,   u n d i v i d e d  

Undiv ided  

Undiv ided  

Q u a r t z i t e  
Vein-quar tz  
T o t a l ,   u n d i v i d e d  

P e l i t e  

Mudstone 
I r o n s t o n e  
Coal  
T o t a l ,   u n d i v i d e d  

Number of pebbles   counted  

9 
9 
18 

** 
4 

4 

18 
32 
7 

57 

7 

5 

2 
1 
3 

** 

** 
5 
1 

6 

349 

- 

7 
18 
25 

1 

2 
3 
5 

26 
18 
5 

49 

1 

10 

4 
4 
8 

1 

1 ** 
- 
1 

359 

9 
8 
17 

3 

- 
2 
2 

39 
19 
9 
67 

1 

2 

2 
1 
3 

- 

3 
3 

6 

379 

- 

3 
1 
4 

2 

- 
- 
- 

77 
2 
2 
81 

- 

** 
2 
1 
3 

- 

11 
- 
- 
11 

332 

4 
9 
13 

3 

1 
2 
3 

37 
27 
4 

6 8  

** 

1 

2 
1 
3 

1 

5 
1 

6 

419 

- 

4 
1 
5 

2 

- 
1 
1 

8 4  
1 

85 
- 

- 

** 

1 
1 
2 

- 

5 
- 
- 
5 

370 

5 
6 
11 

2 

1 

1 

54 
21 
1 
76 

- 

** 

1 

- 
3 
3 

- 

4 - 
** 
4 

527 

R e s u l t s  are g i v e n   i n   f r e q u e n c y   p e r   c e n t .   C a l c u l a t i o n s   o f   w e i g h t   p e r   c e n t  show c l o s e   c o r r e l a t i o n .  

* The  numbers i n   p a r e n t h e s i s   c o r r e s p o n d   w i t h   t h o s e   u s e d   i n  BS 812.1:1975. P e t r o l o g i c a l   g r o u p s  1, 5 and 7 
a r e   n o t   r e p r e s e n t e d   h e r e .  

** Trace   amoun t s   ( l e s s   t han  0.5 p e r   c e n t )  

h i g h e r ,   a s  i s  t h e   c o n t e n t   o f   m u d s t o n e   m a t e r i a l ,  
whereas   the   abundance   of   vo lcanic   rocks   and   cher t  
a r e   r a t h e r   l o w e r .   T h e s e   l i t h o l o g i c a l   d i f f e r e n c e s  
may a p p e a r   t o   b e   s l i g h t ,   b u t   m e c h a n i c a l   a n d  
p h y s i c a l  t e s t  r e s u l t s   p r e s e n t e d  l a te r  i n d i c a t e  
t h a t   t h e y  may have   an   impor t an t   bea r ing   on   t he  
p r o p e r t i e s   o f   t h e   a g g r e g a t e   a n d   j u s t i f y   t h e  
d i s t i n c t i o n   b e t w e e n   s a m p l e s  4 and 6 and  sample 8. 

MechanicaZ and p h y s i c a l   p r o p e r t i e s  - r e s u Z t s  For  
a l l  composi te   samples   except   sample  3 ,  fo r   wh ich  
no  ACV t e s t  was u n d e r t a k e n ,   t h e r e  was s u f f i c i e n t  
m a t e r i a l   f o r   t h e   f u l l   r a n g e   o f  t e s t s ,  l i s t e d  
above.  The r e s u l t s  are g i v e n   i n   T a b l e  4. 

A I V ,  A I V R ,  ACV, ACVR and 10 p e r   c e n t   f i n e s  
a r e   t e s t s  of t h e   s t r e n g t h  of   an   aggrega te .  A I V  i s  
a r e l a t i v e   m e a s u r e   o f   t h e   r e s i s t a n c e   o f   a n  
aggrega te   t o   sudden   shock   o r   impac t .   Res i s t ance  
o f   an   aggrega te   t o   app l i ed   compress ive   l oad  i s  
i n d i c a t e d  by t h e  ACV and 10 p s r  c e n t   f i n e s  
resul ts .  I n   t h e  ACV t e s t   t h e   l o a d  i s  i n c r e a s e d  
uni formly  up t o  400kN i n   t e n   m i n u t e s ;   i n   t h e  10 
p e r   c e n t   f i n e s  t e s t  s u f f i c i e n t   l o a d  i s  imposed t o  
produce 10 p e r   c e n t  by weight  of less  t h a n  
2.36mm-sized m a t e r i a l   i n   t e n   m i n u t e s .  

In cons ide r ing   t he   economic   po ten t i a l   o f   an  

a g g r e g a t e ,  i t  i s  u s u a l l y   t h e   a b i l i t y   o f  a c l a s t   t o  
w i t h s t a n d   i m p a c t   ( y e t   r e m a i n   r e l a t i v e l y   i n t a c t )  
t h a t  i s  c o n s i d e r e d   t o   b e  more i m p o r t a n t   t h a n  i t s  
a b i l i t y   t o   w i t h s t a n d   h i g h   l e v e l s   o f   c o m m i n u t i o n .  
Ramsay (1965) and  Dhi r   and   o thers  (1971) showed 
t h a t   t h i s   p r o p e r t y  o f   agg rega te s   cou ld   be  
e s t i m a t e d  by measur ing   the   amount   o f   the  10- t o  
14-mm f r a c t i o n   r e m a i n i n g   a f t e r   t h e  t e s t .  
Expres sed   a s  a p e r c e n t a g e   o f   t h e   o r i g i n a l  mass, 
t h i s   g i v e s   t h e   a g g r e g a t e   i m p a c t   v a l u e   r e s i d u e  
(AIVR) and   aggrega te   c rush ing   va lue   r e s idue  (ACVR) 
f o r   t h e  A I V  and ACV tests r e s p e c t i v e l y .  

A g g r e g a t e   s t r e n g t h   d e p e n d s   o n   s e v e r a l  
p e t r o g r a p h i c a l   f e a t u r e s  (Ramsay, 1965; Ramsay,  and 
o t h e r s ,  1974). I n   i g n e o u s   r o c k s ,   s t r e n g t h  i s  
governed by t h e   d e g r e e   o f   c r y s t a l   i n t e r l o c k i n g ,  
c leavage   and   the   abundance  of m i c r o f r a c t u r e s   a n d  
tw in   p l anes .  In s e d i m e n t a r y   r o c k s ,   t h e   s t r e n g t h  
o f   t h e   i n t e r g r a n u l a r   c e m e n t   g o v e r n s   t h e   o v e r a l l  
s t r e n g t h  o f   a g g r e g a t e   c l a s t s .  The d e g r e e   t o   w h i c h  
c l a s t s  are weathered i s  a l s o   c o n s i d e r e d  t o  have  an 
i m p o r t a n t   e f f e c t  on t h e   s t r e n g t h  of n a t u r a l   g r a v e l  
a g g r e g a t e s .  

The c l a s s i f i c a t i o n  of the   compos i t e   s amples  
i n t o   t h r e e  main  groups o n  t h e   b a s i s   o f   t h e   p e b b l e  
c o u n t   d a t a ,  i s  j u s t i f i e d   f u r t h e r  by t h e   r e s u l t s  O f  
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Table 4 Resu l t s   o f   mechan ica l   and   phys i ca l  tes ts  BS 8 1 2 . 1 : 1 9 7 5 .  Composite  samples  are  grouped on t h e  
b a s i s   o f   t h e   r e s u 1 . t ~  

R e l a t i v e   R e l a t i v e  
Composite A I V  A I V R  ACV ACVR 10% f i n e s   d e n s i t y   d e n s i t y   A p p a r e n t   W a t e r   G r o u p  
sample (%) (%) ( X )  ( X )  v a l u e   ( o v e n - d r i e d   ( s u r f a c e -   r e l a t i v e   a b s o r p t i o n  

(kN) b a s i s )   d r i e d   b a s i s )   d e n s i t y  
- --- 

1 26 34  20  43 170  2.42 2.52 2.68 3.8 
2  22 37  18  43 190  2.42 ' 2.51 2.65 3.6 
3  21 4 1  No tes t  200  2.42 2.52 2.69 4.1 1 
5 27 34  20  40 160  2.42 2.52 2.68 4.0 
7 23 38  18  43 200  2.42 2.53 2.68 3.6 

4 15 44  12 45   280  2.59 2.65 2.74 2.2  2 
6  14 44  12 47  320 2.57 2.61 2.71 2.2 

8  22 2 8  18 37  200 2.47 2.55 2.70 3.46  3 

C o r r e l a t i o n s   b e t w e e n  tests fo r   compos i t e   s amples  1 , 2 , 3 , 5  and 7 

A I V  A I V R  ACV ACVR 10% f i n e s  
- - -  - 

A I V  1  -0.92 0.95 -0.70  -0.94 
AIVR 1 -0.98  0.57  0.91 
ACV 1 -0.58  -0.95 
ACVR 1 0.73 
10% f i n e s  1 

t he   mechan ica l   and   phys i ca l  tes ts .  Composite 
samples  4 and 6 (Group 2 )  a r e   v e r y  similar w i t h  
r e s p e c t   t o  a l l  p r o p e r t i e s   w i t h   t h e   e x c e p t i o n  of 
t h e  10 p e r   c e n t   f i n e s   v a l u e s .   A g g r e g a t e   f r o m  
t h e s e  two s a m p l e s   g a v e   t h e   b e s t   s t r e n g t h  
c h a r a c t e r i s t i c s   o f   a n y   t e s t e d   f r o m   t h e   s u r v e y  
area. Low A I V  and ACV r e s u l t s   ( a v e r a g e s   o f  15 and 
12 r e s p e c t i v e l y )   a n d   h i g h  AIVR and ACVR, ( a v e r a g e s  
of 44 and 46 r e s p e c t i v e l y )   i n d i c a t e   t h a t   t h e  
a g g r e g a t e ,   i n   c o m p a r i s o n   w i t h   t h e   o t h e r   g r o u p s ,  i s  
r e l a t i v e l y   r e s i s t a n t   t o  breakdown  both   for  
r e s i d u e s   f i n e r   t h a n  2.36mm and  those   be tween 
2.36mm and 1Omm. A d d i t i o n a l   e v i d e n c e   o f   t h e  
s t r e n g t h   o f   t h e s e   s a m p l e s  i s  i n d i c a t e d  by t h e   h i g h  
10 p e r   c e n t   f i n e s   v a l u e s ,   w h i c h   a v e r a g e  300kN and 
a r e  a t  least  lOOkN g r e a t e r   t h a n   t h e   v a l u e s  
ob ta ined   f rom  o the r   g roups .   The   aggrega te s   i n  
t h e s e   s a m p l e s   a l s o   h a v e   h i g h e r   r e l a t i v e   d e n s i t i e s  
and much lower water a b s o r p t i o n   v a l u e s   t h a n   o t h e r  
composi te   samples .  

Ra the r   poore r  test r e s u l t s  were o b t a i n e d   f o r  
composi te   samples  1, 2 ,   3 ,  5 and 7 (Group l ) ,  f o r  
w h i c h   r e s u l t s   w e r e   t i g h t l y   c l u s t e r e d .  The 
c o r r e l a t i o n s   b e t w e e n   t h e   v a r i o u s   m e c h a n i c a l  tes ts  
s u p p o r t   t h e   l i n e a r   r e l a t i o n s h i p s   b e t w e e n  A I V ,  ACV, 
AIVR and ACVR r e p o r t e d  by D h i r   a n d   o t h e r s  ( 1 9 7 1 ) .  
C o r r e l a t i o n   c o e f f i c i e n t s   b e t w e e n  A I V ,  A I V R ,  ACV 
and 10 p e r   c e n t   f i n e s  a l l  exceed *o 090 
(;able 6 ) .  

The test r e s u l t s   f o r   c o m p o s i t e   s a m p l e  8 
(Group 3 )  l i e  be tween  those   for   Group 1 and  Group 
2 compos i t e   s amples   w i th   r ega rd   t o  a l l  tests 
e x c e p t  AIVR and ACVR, which are r a t h e r   l o w e r   a n d  
i n d i c a t e   t h a t  material between 2.36 and l O m m  h a s  a 
r e d u c e d   r e s i s t a n c e   t o   b r e a k d o w n   c o m p a r e d   t o   t h a t  
i n   t h e   o t h e r   g r o u p s .  

Edwards ( 1 9 7 0 )  i n d i c a t e d   t h a t   t h e r e  is  a 
b r o a d   r e l a t i o n s h i p   b e t w e e n   w a t e r   a b s o r p t i o n   a n d  
d r y i n g   s h r i n k a g e   o f   a g g r e g a t e   i n   c o n c r e t e .   U s i n g  
h i s   g r a p h  ( 1 9 7 0 ,  f i g u r e  1) a very   b road  estimate 
o f   t h e   d r y i n g   s h r i n k a g e   p r o p e r t i e s   o f   a g g r e g a t e   i n  
t h i s   s t u d y   c a n   b e   o b t a i n e d .  The lowes t  water 
a b s o r p t i o n   v a l u e s  are for   composi te   samples  4 and 

6 (Group 2 ) ,  b o t h   e q u a l   t o  2.2 p e r   c e n t .   T h i s  
g i v e s   a n   i n f e r r e d   d r y i n g   s h r i n k a g e   o f   a b o u t  0.07 
p e r   c e n t .  Water a b s o r p t i o n   v a l u e s   f o r   G r o u p  1 
composi te   samples   range  f rom 3.46 p e r   c e n t   ( s a m p l e  
8 )  t o  4.1 per   cen t   ( s ample  3 ) .  E x t r a p o l a t i o n   o f  
t h e   r e g r e s s i o n   l i n e   p r e s e n t e d  by Edwards ( 1 9 7 0 )  
g i v e s   i n f e r r e d   d r y i n g   s h r i n k a g e   v a l u e s   b e t w e e n  
abou t  0.10 and 0.11 p e r   c e n t   f o r   t h e s e   s a m p l e s .  
G r a v e l s   y i e l d i n g   c o n c r e t e   d r y i n g   s h r i n k a g e   v a l u e s  
g r e a t e r   t h a n  0.085 p e r   c e n t  l i e  i n   t h e   c a t e g o r y  
d e f i n e d  by t h e   B u i l d i n g   R e s e a r c h   S t a t i o n   D i g e s t  
( 1 9 6 8 )  t h a t   r e q u i r e s   t h e   g r e a t e s t  care t o   b e  
e x e r c i s e d  when t h e y  are u s e d   i n   c o n c r e t e  
manufacture .  It must   be   emphas ised   tha t   in fer red  
d r y i n g   s h r i n k a g e   v a l u e s   s h o u l d   b e   i n t e r p r e t e d  
c a u t i o u s l y .  The f i g u r e s   g i v e n   h e r e  are f o r  
gu idance   a lone ,   and  tes ts  i n   a c c o r d a n c e   w i t h  
s t a n d a r d   p r o c e d u r e s   w o u l d   h a v e   t o   b e   c a r r i e d   o u t  
t o   d e t e r m i n e   a c c u r a t e   d r y i n g   s h r i n k a g e   v a l u e s   f o r  
aggrega te   f rom  the   su rvey  area. 

Relationship  between  mechanical  properties and 
gravel  composition The pebble   count   and  
mechanical  test d a t a  were i n v e s t i g a t e d   i n   a n  
a t t e m p t   t o   d i s c o v e r   w h e t h e r   t h e r e  i s  a r e l a t i o n -  
sh ip   be tween   g rave l   compos i t ion   and   t he   s t r eng th  
of t h e   a g g r e g a t e .  

T h e   v a r i o u s   l i t h o l o g i e s  were grouped 
a c c o r d i n g   t o   w h e t h e r   t h e y  were c o n s i d e r e d   t o   b e  
d u r a b l e   o r   d e l e t e r i o u s   w i t h i n   t h e   c o n t e x t   o f   t h e  
mechanical  tests. Merritt, Laxton,   Smell ie   and 
Thomas ( 1 9 8 3 )  have shown t h a t   g r e y w a c k e ,   g r i t s ,  
c h e r t ,   q u a r t z i t e   a n d   v e i n - q u a r t z   c a n   b e   c o n s i d e r e d  
as durab le   l i t ho log ie s   and   t hese   have   been   g rouped  
as such .   Sands tone   and   muds tone   l i tho logies ,  on 
the   o the r   hand ,   b reak  down r e l a t i v e l y   e a s i l y   u n d e r  
test and are c o n s i d e r e d   d e l e t e r i o u s .   S i n c e   t h e s e  
s e d i m e n t a r y   l i t h o l o g i e s   c o n s t i t u t e ,   i n   t o t a l ,  more 
t h a n  6 0  p e r   c e n t   o f   t h e   g r a v e l s   e x a m i n e d ,   t h e y  
shou ld   b road ly   de t e rmine  how t h e   a g g r e g a t e   b e h a v e s  
under  test. 

The  mechanical   behaviour   of   igneous  rocks i s  
p a r t l y  a f u n c t i o n  of t h e i r   d e g r e e  of wea the r ing .  
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Table 5 Data u s e d   f o r   c a l c u l a t i n g   t h e   c o r r e l a t i o n   c o e f f i c i e n t s   b e t w e e n   t h e   l i t h o l o g y   r a t i o   a n d   t h e  
mechan ica l  tes t  d a t a  

a )  Means f o r   t h e   g r o u p e d   l i t h o l o g y   r a t i o   ( t o t a l   o f   g r e y w a c k e ,   g r i t ,   c h e r t ,   q u a r t z i t e ,   v e i n - q u a r t z ) / ( t o t a l  
o f   s a n d s t o n e ,   a r g i l l a c e o u s   r o c k s )   a n d   f o r   t h e   g r o u p e d   m e c h a n i c a l  tes t  d a t a  

Mean Ple a n  Me a n  Me a n  Me a n  Me an  Composite 
Group l i t h o l o g y  A I V  A I  VR ACV ACVR 10% samples  

r a t i o   f i n e s  

1 1 . 6 6   2 3 . 8   3 6 . 8   1 9   3 3 . 8   1 8 4   1 , 2 , 3 , 5 , 7  

2 8.89  14.5  44 1 2  46  300  496 

3 4.62  22  28 18 37  200 8 

b) I n d i v i d u a l   l i t h o l o g y   r a t i o s   a n d   m e c h a n i c a l  test da ta   fo r   compos i t e   s amples   i n   Group  1 above 

Composi te   L i tho logy  A I V  A I V R  ACV ACVR 10% 
sample rat i o   f i n e s  

0.77   26   34   20   43   170 
1.98  22  37  18  43 190 
2 .62   21   41  - No test - 2 00 
1.42  27  34  20  40  160 
2 . 3 4   2 3   3 8   1 8   4 3  2 00 

T h i s  i s  e s p e c i a l l y   t r u e   o f   b a s a l t ,   a n d e s i t e   a n d  
rocks  of similar compos i t ion .   Because   t he   ex ten t  
t o  wh ich   t hey   a r e   wea the red  i s  d i f f i c u l t   t o  assess 
a n d   q u a n t i f y   i n   a n y  way,  and  because  they 
c o n s t i t u t e  a much smaller p e r c e n t a g e   o f   t h e   g r a v e l  
composi t ion   compared   wi th   the   sed imentary   rocks ,  
t h e y   h a v e   n o t   b e e n   i n c l u d e d   i n   t h e   f o l l o w i n g  
d i s c u s s i o n .  

I n   o r d e r   t o   d e t e r m i n e   t h e   d e g r e e   o f  
co r re l a t ion   be tween   t he   g rave l   compos i t ion   and   t he  
mechan ica l  tes ts ,  t h e   r a t i o   o f   t h e   a b u n d a n c e   o f  
g r e y w a c k e ,   g r i t ,   c h e r t ,   q u a r t z i t e   a n d   v e i n - q u a r t z  
t o   t ha t   o f   s ands tone   and   muds tone  was determined 
fo r   each   compos i t e   s ample .   These   r a t io s  were 
grouped on t h e  same b a s i s  as the   compos i t e  test 
samples shown i n   T a b l e  2 .  The  means f o r   t h e s e  
r a t i o s  and f o r   t h e   m e c h a n i c a l  test d a t a  were then  
d e t e r m i n e d   ( T a b l e   5 a )   a n d   t h e   s a m p l e   c o r r e l a t i o n  
c o e f f i c i e n t s   b e t w e e n   t h e  mean r a t i o s  and the mezns 
of t h e  tes t  d a t a  were c a l c u l a t e d .  The r e s u l t s   a r e  
shown i n   T a b l e  6 .  

The c o r r e l a t i o n   b e t w e e n   t h e   l i t h o l o g y   a n d   t h e  
mechanical  test d a t a  was a l s o   d e t e r m i n e d   f o r   t h e  
Group 1 composi te   samples .  The r e s u l t s  are shown 
i n   T a b l e   5 b .   G e n e r a l l y   t h e r e  i s  a c l o s e  
c o r r e l a t i o n   b e t w e e n   g r a v e l   c o m p o s i t i o n   a n d   t h e  
mechanical  test r e s u l t s ,   a l t h o u g h   t h e   c o r r e l a t i o n s  
between  composi t ion  and A I V R  i n   T a b l e  5a and ACVR 
i n   T a b l e   5 b  are e x c e p t i o n s .   T h i s   c o r r e l a t i o n  
be tween   g rave l   compos i t ion   and   mechan ica l   and  
p h y s i c a l  tests i n d i c a t e s   t h a t   t h e   r e l a t i v e  
p r o p o r t i o n s   o f   t h e  two groupings   o f   sed imentary  
l i t h o l o g i e s ,   l i s t e d   a b o v e ,  exercise c o n t r o l   o v e r  
t he   mechan ica l   behav iour   o f   t he   agg rega te .  

THE MAPS 
The sand   and   g rave l   r e source  maps are f o l d e d   i n t o  
the   pocke t  a t  t h e   e n d   o f   t h i s   r e p o r t .  The base  i s  
the   Ordnance   Survey  1:25000 O u t l i n e   E d i t i o n ,  
w h i c h ,   t o g e t h e r   w i t h   t h e   c o n t o u r s ,  i s  p r i n t e d   i n  
g r e y :   t h e   g e o l o g i c a l   l i n e s   a n d   s y m b o l s  are i n  
b l a c k .   M i n e r a l   r e s o u r c e   i n f o r m a t i o n ,   i n c l u d i n g  
a r e a s   o f   p o t e n t i a l l y   w o r k a b l e   s a n d   a n d   g r a v e l ,  
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r e s o u r c e   n o t e s   a n d   b l o c k   b o u n d a r i e s ,  i s  p r e s e n t e d  
i n   s h a d e s  of r e d .  

Geological  data The g e o l o g i c a l   b o u n d a r y   l i n e s  are 
t aken   f rom  geo log ica l  maps surveyed a t  t h e   s c a l e  
of 1:lOOOO o r  1 : 1 0 5 6 0 ;  t h e s e   o f f e r   t h e   b e s t  
i n t e r p r e t a t i o n   o f   t h e   a v a i l a b l e   d a t a   b u t ,   d u e   t o  
t h e   h i g h l y   v a r i a b l e   n a t u r e   o f   t h e   d e p o s i t s ,   t h e  
a c c u r a c y   o f   t h e  map w i l l  be  improved as new 
evidence  f rom  boreholes   and  excavat ions  becomes 
a v a i l a b l e .  

Boreho le   da t a ,   wh ich   i nc lude   t he  s t ra t i -  
g r a p h i c a l   r e l a t i o n s   a n d  mean p a r t i c l e - s i z e  
a n a l y s i s   o f   t h e   s a n d   a n d   g r a v e l   s a m p l e s   c o l l e c t e d  
d u r i n g   t h e   a s s e s s m e n t ,  are a l s o  shown on t h e  maps. 

Mineral  resource  information The maps a r e   d i v i d e d  
i n t o   r e s o u r c e   b l o c k s   ( s e e   A p p e n d i x  A) wi th in   wh ich  
t h e   e x t e n t  of minera l -bear ing   ground i s  shown i n  
r ed .  The dark   shade   denotes   where   minera l  i s  
e x p o s e d ,   t h a t  i s ,  the   ove rburden   ave rages  less 
t h a n  1.0m i n   t h i c k n e s s :  a l i g h t e r   t o n e  i s  u s e d   t o  
i d e n t i f y   w h e r e  i t  i s  p r e s e n t   i n   r e l a t i v e l y  
con t inuous   sp reads   benea th   ove rburden   ave rag ing  
more t h a n  1 .Om i n   t h i c k n e s s .   W i t h i n   t h e s e  areas , 
however ,   there  may be  small patches  where  sand  and 
g r a v e l  i s  a b s e n t   o r   n o t   p o t e n t i a l l y   w o r k a b l e ,  as 
fo r   example ,   a round   bo reho le  35 NW 290.  

Areas where  sand  and  gravel  i s  deemed t o   b e   n o t  
p o t e n t i a l l y   w o r k a b l e ,   w h e r e   s u p e r f i c i a l   d e p o s i t s  
do   no t   con ta in   mine ra l ,   o r   where   bed rock   c rops  
o u t  are shown uncoloured .   Sand   and   grave l   wi th in  
b u i l t - u p  areas and   pa t ches   t oo  small o r  
i n s u f f i c e n t l y   d o c u m e n t e d   t o   b e   a s s e s s e d ,   b u t   w h i c h  
may n e v e r t h e l e s s   b e   p o t e n t i a l l y   w o r k a b l e ,  are 
i n d i c a t e d  by r e d   s t i p p l e .  

F o r   t h e   m o s t   p a r t   t h e   d i s t r i b u t i o n   o f   r e s o u r c e  
c a t e g o r i e s  i s  based on mapped g e o l o g i c a l  
boundar i e s .  Where t r a n s i t i o n s   b e t w e e n   c a t e g o r i e s  
c a n n o t   b e   r e l a t e d   t o   t h e   g e o l o g i c a l  map, i n f e r r e d  
boundar i e s   have   been   i n se r t ed .   Such   boundar i e s ,  
d rawn   p r imar i ly   fo r   t he   pu rpose   o f   vo lume  
e s t i m a t i o n ,  are shown by a d i s t i n c t i v e   z i g z a g  
symbol,  which i s  in t ended   t o   convey   an   approx ima te  



Table 6 The c o r r e l a t i o n   b e t w e e n   g r a v e l   c o m p o s i t i o n   a n d   t h e   m e c h a n i c a l  tes t  d a t a  

a )   C o r r e l a t i o n   c o e f f i c i e n t   b e t w e e n   t h e  means f o r   e a c h   g r o u p   o f   t h e   l i t h o l o g y   r a t i o   ( t o t a l   o f   g r e y w a c k e ,  
g r i t ,   c h e r t ,   q u a r t z i t e ,   v e i n - q u a r t z ) / ( t o t a l   o f   s a n d s t o n e ,   a r g i l l a c e o u s   r o c k s )   a n d   t h e   m e c h a n i c a l  t es t  
d a t a  

A I V  A I V R  ACV ACVR 10% f i n e s  

L i t h o l o g y   r a t i o  -0.97 0.54 -0.96 0.99  0.96 
(def ined   above)  

b )   C o r r e l a t i o n   b e t w e e n   t h e   i n d i v i d u a l   l i t h o l o g y   r a t i o s   a n d   m e c h a n i c a l  test r e s u l t s   f o r   G r o u p s   1 , 2 , 3 , 5  
and 7 

A I V  AIVR ACV ACVR 10% f i n e s  

L i t h o l o g y   r a t i o  -0.85 0.92 -1.00 0.20 0.86 
(def ined   above)  

Correlation  coefficients 
A l i n e   o f   b e s t   f i t   c a n   b e   d e t e r m i n e d   f o r   t h e   r e l a t i o n s h i p   b e t w e e n   a n y   v a r i a b l e s   f r o m  a set o f   d a t a .  The 
d e g r e e   o f   c o r r e l a t i o n   o f   i n d i v i d u a l   d a t a   p o i n t s   w i t h   t h i s   l i n e ,   w h i c h  may be e i t h e r   d i r e c t   o r   i n v e r s e ,  
c a n   b e   e x p r e s s e d   i n   n u n e r i c a l  terms by c a l c u l a t i n g   t h e   s a m p l e   c o r r e l a t i o n   c o e f f i c i e n t ,  r. T h i s   v a r i e s  
from +1, through 0, t o  -1; +1 and -1 i n d i c a t e   p e r f e c t   p o s i t i v e   a n d   n e g a t i v e   c o r r e l a t i o n ,   w h e r e a s  0 
i n d i c a t e s  no c o r r e l a t i o n  a t  a l l .  In o r d e r   t o   d i s c o v e r   w h e t h e r   p a i r s   o f   v a r i a b l e s  from the  mechanical   and 
p h y s i c a l  test r e s u l t s   c a n   b e   c o r r e l a t e d   i n   a n y  way, c o r r e l a t i o n   c o e f f i c i e n t s  were c a l c u l a t e d  from test  
d a t a   f o r   c o m p o s i t e   s a m p l e s  1, 2, 3,  5 and 7. The r e s u l t s  are shown i n   T a b l e  6. 

Composite  samples 4 ,  6 and 8 were n o t   i n c l u d e d   i n   t h e s e   c a l c u l a t i o n s   b e c a u s e   t h e y  are c o n s i d e r e d   t o  
b e l o n g   t o   d i f f e r e n t   p o p u l a t i o n s ,   b a s e d  on t h e  tes t  d a t a  and t h e   p e b b l e   c o u n t s .  

r is  ca l cu la t ed   f rom  the   fo rmula :  

r =  

where x y are v a l u e s   o f   v a r i a b l e s  x and y a t  d a t a   p o i n t  i (0 < i g n, where n = number o f  

o b s e r v a t i o n s )  
i’ i 

- -  
x ,  y are  mean v a l u e s   o f  x and y 

X Y 
t h a t  i s  C ( 2 )  and C ( 2 )  

n n 

l o c a t i o n   w i t h i n  a l i k e l y   z o n e  of o c c u r r e n c e   r a t h e r  
t h a n   t o   r e p r e s e n t   t h e   b r e a d t h   o f   t h e   z o n e ;  i t s  
width i s  d i c t a t e d  by c a r t o g r a p h i c   c o n s i d e r a t i o n s .  
F o r   t h e   p u r p o s e   o f   m e a s u r i n g   a r e a s   t h e   c e n t r e - l i n e  
of the  symbol i s  used .  

THE ASSESSMENT 
The r e s o u r c e   s h e e t   a r e a  i s  d i v i d e d   i n t o   s e v e n  
b l o c k s   f o r   a s s e s s m e n t .  The p o s i t i o n i n g   o f   t h e  
b lock   boundar i e s  i s  a compromise t o  meet   the aims 
o f   t h e   s u r v e y ,  on the   one   hand   t o   p rov ide  
s u f f i c i e n t   s a m p l e   p o i n t s   o n   w h i c h   t o   b a s e   a n  
a s s e s s m e n t   a n d   o n   t h e   o t h e r   t o   g r o u p   t o g e t h e r  
d e p o s i t s   o f   b r o a d l y  similar o r i g i n ,   t h i c k n e s s  
grade  and  composi t ion.  

The p r i n c i p a l   r e s o u r c e s  of sand   and   grave l  
occu r  as g l a c i a l  meltwater deposi ts   which  embrace 
f l u v i o g l a c i a l   s a n d   a n d   g r a v e l   a n d   g l a c i a l   s a n d   a n d  
g r a v e l ,   t o g e t h e r   w i t h   g l a c i o l a c u s t r i n e   d e p o s i t s .  
The  last-named, commonly o c c u r r i n g   i n   a s s o c i a t i o n  
w i t h   f l u v i o g l a c i a l   s a n d   a n d   g r a v e l ,  may c o n t a i n  

p o t e n t i a l l y   w o r k a b l e  material, b u t   t h e   d e p o s i t s  
have  not   been  recognised a t  t h e   s u r f a c e   a n d   h a v e  
b e e n   i d e n t i f i e d   o n l y   i n   b o r e h o l e s ;   h e n c e   t h e i r  
d i s t r i b u t i o n  i s  poor ly  known. A d d i t i o n a l l y ,   t h e  
d e p o s i t s   g e n e r a l l y   c o m p r i s e   v e r y   f i n e   s a n d   a n d  
s i l t  which Merritt, Laxton,   Smell ie   and Thomas 
(1983) c o n s i d e r   t o   h a v e   v e r y   f e w   i f   a n y  
p o t e n t i a l l y   c o m m e r c i a l   e n d - u s e s  a t  p r e s e n t .  
C o n s e q u e n t l y   t h e   g l a c i o l a c u s t r i n e   d e p o s i t s   h a v e  
n o t   b e e n   a s s e s s e d .  T i l l  may b e   p o t e n t i a l l y  
w o r k a b l e   a c r o s s  much o f   t h e  area,  as judged by t h e  
a r b i t r a r y  c r i t e r i a  a d o p t e d   f o r   t h e   s u r v e y ,   b u t ,  
b e c a u s e   t h e   l i t h o l o g y  i s  v a r i a b l e   a n d   t h e  
d i s t r i b u t i o n   o f   t h a t   p a r t   w h i c h  i s  r ega rded  as  
m i n e r a l  i s  n o t   s u f f i c i e n t l y  well known, t h e  
r e s o u r c e  i s  normally  excluded Erom t h e  
a s ses smen t .   Fo r  similar r e a s o n s   t h e   a l l u v i u m  i s  
n o t   a s s e s s e d   e x c e p t   i n   t h e   v a l l e y   o f   t h e   H e r i o t  
Water, a r o u n d   E a s t e r  Yowgate r 2 4 2  6 4 1 1  and  a long  
t h e   n o r t h e r n   f l a n k s   o f   t h e   M o o r f o o t  Hills, where 
s e v e r a l   a l l u v i a l   f a n s   h a v e   b e e n   i n c l u d e d .  
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Table 7 The  sand   and   grave l   resources :  summary of s ta t is t ical  a s ses smen t s  

Resource  Area 
b lock  
and  
mine ra l -  
b e a r i n g  
d e p o s i t s   B l o c k   M i n e r a l  

km2  km2 

Mean t h i c k n e s s  

Over- 
burden 
m 

Mine ra l  

m 

A 
F luv io -  10.6  4.8 
g l a c i a l  
sand  and 
g r a v e l  

B 
Fluv io -  13.2  8.5 
g l a c i a l  
a n d   g l a c i a l  
sand  and 
g r a v e l  

C 
Fluv io -  22.4  6.5 
g l a c i a l  
a n d   g l a c i a l  
sand  and 
g r a v e l  

D 
G l a c i a l  44.3 10.1 
sand  and 
g r a v e l  

E 
F luv io -  28.6  9.1 
g l a c i a l  
a n d   g l a c i a l  
sand  and 
g r a v e l  

F 
F luv io -  35.8  9.8 
g l a c i a l  
a n d   g l a c i a l  
sand  and 
g r a v e l  

T o t a l s  154.9  48.8 

0.3 

2.0 

0.7 

0.5 

0.7 

1.1 

- 

2.7 

8.2 

8.4 

4.4 

5.2 

6 .4  

- 

Volume of sand   and   g rave l   Y ie ld  of Mean g rad ing   pe rcen tage  
sand  and 
g r a v e l  

L i m i t s  a t  t h e  95% F i n e s  Sand Grave l  
p r o b a b i l i t y   l e v e l  m 3  p e r  4-k 

m3x106 +% tm3x106  hec ta re  -kmm -4 mm +4 mm 

13  26  3   27000  12  65  23 

69 

5 4  

45 

47 

6 3  

66  

48 

33 

6 1  

43 

46 

26  

15  

2 9  

27 

a 2000   10   73   17  

a 4000  9  63  28 

44000 11 45 4 4  

52000 1 3  52  35 

64000  12   61  27 

The s t a t i s t i c a l  p r o c e d u r e   a d o p t e d   f o r   t h e  
v o l u m e t r i c   a s s e s s m e n t  of t h e   m i n e r a l   r e s o u r c e s  i s  
o u t l i n e d   i n   A p p e n d i x  B .  S t a t i s t i c a l   a s s e s s m e n t s  
are o f f e r e d   f o r   b l o c k s  A t o  F ,  b u t   t h e   p o t e n t i a l l y  
workab le   depos i t s   o f   b lock  G are too patchy  and 
d i v e r s e   t o  assess i n   s u c h  a manner.   Consequently,  
i n f e r r e d   a s s e s s m e n t s  are o f f e r e d   f o r   t h e  
l i t h o l o g i c a l l y  similar d e p o s i t s   i n   e a c h  of t h e  
sub-blocks  (except   sub-block G 2 )  based  upon  sample 
p o i n t   d a t a   a n d   c o n s i d e r a t i o n  of the   geology  and  
three-d imens iona l   shape .   For   example ,   eskers   have  
been  assumed t o   a p p r o x i m a t e   t o   t h e   f o r m   o f  
t r i a n g u l a r   p r i s m s ,   t h e   v o l u m e s  of which  have  been 
c a l c u l a t e d  by s i m p l e   a r i t h m e t i c .   L i k e w i s e  mounds 
w e r e   o f t e n   c o n s i d e r e d  as  hemispheres   and terrace 
f e a t u r e s  as t rapezoid  pr isms.   Such  computed 
v o l u m e s   m u s t   b e   i n t e r p r e t e d   c a u t i o u s l y :   t h e  
p r o c e d u r e   t e n d s   t o   u n d e r e s t i m a t e  volume  because no 
account   has   been   taken   of  material t h a t  may l i e  
b e l o w   t h e   g e n e r a l   g r o u n d   l e v e l ,   u n l e s s   t h e r e  i s  
e v i d e n c e   t o   t h e   c o n t r a r y .  
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RESULTS 
The  minera l   resources   o f   the   resource   shee t  area 
are d i s c u s s e d   i n   t h e   b l o c k   d e s c r i p t i o n s .   D a t a  
u s e d   i n   t h e   a s s e s s m e n t   a r e   g i v e n   i n   T a b l e s  9 t o  
15:  a summary of t h e s e   d a t a  i s  p r e s e n t e d   i n   T a b l e s  
7 and 8. Some c o n c l u s i o n s  are o f f e r e d ,   f o l l o w i n g  
t h e   b l o c k   d e s c r i p t i o n s ,   r e g a r d i n g   t h e   r e s o u r c e s  
most l i k e l y   t o  command a t t e n t i o n   i n   t h e   f u t u r e .  

Accuracy Of resu l t s  F o r   t h e   s i x   r e s o u r c e   b l o c k s  
a s s e s s e d   s t a t i s t i c a l l y ,   t h e   a c c u r a c y  of t h e  
r e s u l t s  a t  the   symmetr ica l  9 5  p e r   c e n t   p r o b a b i l i t y  
l e v e l   r a n g e s   f r o m  26 t o  66 p e r   c e n t ;   t h a t  i s ,  i t  
i s  p r o b a b l e   t h a t  on a v e r a g e   n i n e t e e n   o u t  of e v e r y  
t w e n t y   s e t s  of limits c o n s t r u c t e d   i n   t h i s  way 
c o n t a i n   t h e   t r u e   v a l u e   f o r   t h e  volume of mine ra l .  
However, t h e  real  v a l u e s   a r e  more l i k e l y   t o   b e  
nea re r   t he   med ian   t han   t he  limits. Moreover, i t  
i s  p r o b a b l e   t h a t  i n  each   b lock   rough ly   t he  same 
pe rcen tage  limits wou ld   app ly   fo r   t he   e s t ima te   o f  
m i n e r a l  volume w i t h i n  a ve ry  much smaller p a r c e l  



G2 

G3 

G 3  

G4 

0.4 

0.8 

1 . 2  

1.4 

1.1 

0.7 1.8 1 

0.3 6.3 5 

0.4  19.1 22 

0.3  2.2 3 

- 5.7 3* 

38 56 6 

9 4 2  49 

18 67 15 

6 24 70 

6 25 69 

Table 8 The  sand   and   grave l   resources :  summary of i n f e r r e d   a s s e s s m e n t s  

Sub- Deposi t   Area of Mean t h i c k n e s s  Mean g rad ing   pe rcen tage  
b l o c k   m i n e r a l   I n f e r r e d  

volume  of 
sand  and 

-___I 

Over- M i n e r a l   g r a v e l   F i n e s   S a n d   G r a v e l  
burden t4, 

km2 m m m 3 x 1 ~ 6  i-, mm -4 mm +4 mm 

-- -- 

G 1  F l u v i o g l a c i a l   a n d   g l a c i a l  1.4 0.6  2.5 4 18 56 26 
sand   and   grave l   and  
a l l u v i u m   i n   t h e   E a s t e r  
Howgate a r e a  

G l a c i a l   s a n d   a n d   g r a v e l  
i n   t h e   S h e r i f f h a l l   a r e a  

No a s s e s s m e n t   o f f e r e d  

Glac ia l   s and   and   g rave l  
i n   t h e  Whim a r e a  

Glac ia l   s and   and   g rave l  
i n   t h e  Howgate a r e a  

Alluvium of t h e   H e r i o t  
Water 

Concea led   g l ac i a l   s and  
a n d   g r a v e l   i n   t h e  
v a l l e y  of t h e   H e r i o t  
Water 

To ta l s   5 .2  - - 38 - - - 

* F o r   d e r i v a t i o n   o f   t h i s   v o l u m e ,  see b l o c k   d e s c r i p t i o n  

of  ground ( fo r   example ,  100 h e c t a r e s )   c o n t a i n i n g  
similar s a n d   a n d   g r a v e l   d e p o s i t s   i f   t h e   r e s u l t s  
f r o m   t h e  same number  of   sample  points   (as   provided 
b y ,   s a y ,   t e n   b o r e h o l e s )   w e r e   u s e d   i n   t h e  
c a l c u l a t i o n .   T h u s ,   i f   c l o s e r  limits are needed 
f o r   t h e   q u o t a t i o n   o f   r e s e r v e s   o f   p a r t   o f  a b lock ,  
i t  c a n   b e   e x p e c t e d   t h a t  more than   t en   s ample  
p o i n t s   w o u l d   b e   r e q u i r e d ,   e v e n   i f   t h e  area i s  
q u i t e  small. 

However, i t  mus t   aga in   be   emphas i sed   t ha t   t he  
quo ted  volume  of  sand  and  gravel  has no s i m p l e  
r e l a t i o n s h i p   w i t h   t h e   a m o u n t   t h a t   c o u l d   b e  
e x t r a c t e d   i n   p r a c t i c e ,   f o r  no a l lowance   has   been  
made i n   t h e   c a l c u l a t i o n s   f o r   a n y   r e s t r a i n t s   ( s u c h  
as e x i s t i n g   b u i l d i n g s   a n d   r o a d s )  on t h e   u s e   o f  
l and   fo r   mine ra l   work ing .  

NOTES ON THE  RESOC'RCE  BLOCKS 
The  block  boundaries  have  been  drawn 

a r b i t r a r i l y   o r   f o l l o w   t h e  limits of b u i l t - u p  areas 
such  as Edinburgh ,   Dalke i th   and   Penicu ik .  

B locks  A ,  B ,  and C encompass   t he   depos i t s  
w i t h i n   t h e   b a s i n   o f   t h e   R i v e r   N o r t h  Esk. B lock  A 
i n c l u d e s   t h e   f l u v i o g l a c i a l   s a n d   a n d   g r a v e l   w i t h  
t h e   a l l u v i u m   a r o u n d   D a l k e i t h ;   t h e   m i n e r a l  i s  
g e n e r a l l y  less t h a n  5m th i ck .   B lock  B c o n t a i n s  
f l u v i o g l a c i a l   s a n d   a n d   g r a v e l ,   t h e   a l l u v i u m   n o r t h  
o f   t he   R ive r   Nor th  Esk  between  Melvi l le   and 
Auchendinny  and   depos i t s   concea led   under   the  
R o s l i n  T i l l .  Block C t a k e s   i n   t h e   f l u v i o g l a c i a l  
s a n d   a n d   g r a v e l   s o u t h  of t h e   R i v e r   N o r t h  Esk 
between  Rosewell  and  Auchendinny  and a l l   m i n e r a l  
d e p o s i t s   u p s t r e a m   f r o m   t h e  l a t t e r  t o   t h e   b o u n d a r y  
of t h e   r e s o u r c e   s h e e t .  The g l a c i a l   s a n d   a n d  

g r a v e l   i n   t h e   v a l l e y   o f   t h e   E d d l e s t o n  Water and 
f l a n k i n g   t h e   M o o r f o o t  Hills, as f a r   n o r t h   a s  
O u t e r s t o n  H i l l  c335 5 5 7 1 ,  i s  c o n t a i n e d   i n  
b lock  D. T h e   f l u v i o g l a c i a l   d e p o s i t s   i n   t h e   T e m p l e  
and  Rosebery area are i n c l u d e d   i n   b l o c k  E. B lock  
F t a k e s   i n   t h e   f l u v i o g l a c i a l   s a n d   a n d   g r a v e l   i n  
t h e   v a l l e y  of the  Tyne Water f rom  Middle ton   nor th-  
wards .   The   remainder   o f   the   resource   shee t  area, 
g e n e r a l l y   c o n t a i n i n g   m i n e r a l   d e p o s i t s  of l i m i t e d  
areal  e x t e n t   a n d   p a t c h y   d i s t r i b u t i o n ,  i s  p l a c e d   i n  
b lock  G ,  which i s  d i v i d e d   i n t o   f o u r   s u b - b l o c k s   f o r  
d e s c r i p t i o n .  

Block A 
Depos i t s   o f   sand   and   grave l   occur  on both  banks  of 
t h e   r i v e r s   N o r t h   a n d   S o u t h  Esk f r o m   t h e   n o r t h e r n  
margin   o f   the   resource   shee t   near   Smeaton   Br idge  
L344 6 9 6 1 ,  ups t r eam  to   Lasswade  C310 6 0 0 1 .  
G e n e r a l l y   t h e   r e s o u r c e  i s  exposed a t  t h e   s u r f a c e ,  
t h a t  i s ,  overburden   averages  less t h a n  l m .  The 
urban   a rea   o f   Dalke i th   and   Newbat t le ,   which  i s  
l a r g e l y   u n d e r l a i n  by sand   and   g rave l ,   has   no t   been  
a s s e s s e d .  

The r e s o u r c e   c o m p r i s e s   f l u v i o g l a c i a l   s a n d   a n d  
g r a v e l ,   g l a c i o l a c u s t r i n e   d e p o s i t s ,   r a i s e d   b e a c h  
d e p o s i t s   a n d   a l l u v i u m   o f   v a r i o u s   a g e s .   F l u v i o -  
g l a c i a l   s a n d   a n d   g r a v e l   c o n s t i t u t e s   t h e   p r i n c i p a l  
r e s o u r c e ,   a c c o u n t s   f o r  4.7km2 of t h e   s u r f a c e  
o u t c r o p  o r  44 p e r   c e n t  of t h e   b l o c k  area and 
g e n e r a l l y   o c c u r s  as d i s s e c t e d  terraces rough ly  
p a r a l l e l   t o   t h e   r i v e r   c o u r s e s   a n d   u p   t o  800m 
wide.  The d e p o s i t s   u n d e r l y i n g  Broomieknowe  Golf 
Course L311 6 6 2 1  and  on  ground  over 90m above OD 
e x h i b i t  a less regu la r   t opography   t han   t hose  a t  
lower   l eve l s ,   wh ich   t hey   p re sumab ly   p re -da te .  
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Table 9 Block A: Data f rom  sample   po in t s   and   t he   a s ses smen t   o f   r e sources  

Sample  point   Recorded  thickness  Mean g r a d i n g   p e r c e n t a g e  
D e s c r i p t i v e  
c a t e g o r y  

Boreho le   To ta l  Depth I n t e r -   F i n e s   F i n e  Medium Coar se   F ine   Coar se   Cobb les   ( s ee   t he  
mine ra l   o f  vening sand  sand sand g r a v e l   g r a v e l   a n d  diagram 

m m m mm - h m  -1 mm -4 mm -16 mm -64 mm +64 ~III C) 
b u r i a l   w a s t e  -k i-k +% +1 +4 +16 b o u l d e r s   i n   A p p e n d i x  

--------- 
FLUVIOGLACIAL SAND AND GRAVEL 
36 NW 337 4.2  0.3 12 5 26  2  3 1 0 cs 
36 NW 339 2.0 0.4 19  34  20  7 10  10 0 CPS 
36 NW 340 2.0 1.0 9 58 31 1 1 0 0 S 
36 NW 341 2.1  0.2 21 16 20 10 21  12 0 VCSG 
36 NW 342 3.2  0.2 10 13  26  12 18 19  2 SG 
36 NW 344 2.8 0.1 5 14  23 11 20  23 4 SG 
36 NW 345 2.1  0.2 18 11 26 10 18 15 2 CSG 
36 NW 348 3.3  0.3 6  20  53  7 10 4 0 CPS 
Mean 2.7  0.3 12  29  29  7  12 10 1 CPS 

GLACIOLACUSTRINE  DEPOSITS 
36 NW 339 4.0 2.4 28  66  6 ** 0 0 0 vc s 

ALLUVIUM 
36 NW 343 1.9  1.2 12  21 18 7 8 17  17 CSG 

S t a t i s t i c a l  assessment of f luv ioglac ia l  

Area of exposed   minera l  
Area o f   c o n t i n u o u s   o r   a l m o s t   c o n t i n u o u s  

s p r e a d s  of mine ra l   benea th   ove rburden  
T o t a l  area of   minera l  
Area of worked  ground 
Mean t h i c k n e s s  of  overburden 
Mean th i ckness   o f   mine ra l  
Es t imated   vo lume  of   minera l  
E s t i m a t e d   y i e l d  of sand   and   grave l  

p e r   h e c t a r e  

sand and gravel 
2 

4.7km 

0. lkm 2 
4.8km2 

<O .1 km2 
0.3m 
2.7m 
13 m i l l i o n  m 226% o r  3 m i l l i o n  m 3  3 

27 thousand m t26% o r  7 m i l l i o n  m 3  3 

P o t e n t i a l l y   w o r k a b l e   g l a c i o l a c u s t r i n e   d e p o s i t s  
were proved a t  d e p t h   b e n e a t h   f l u v i o g l a c i a l   s a n d  
a n d   g r a v e l   i n   b o r e h o l e  36 NW 339 a t  M e l v i l l e  
N u r s e r i e s  l 3 0 6  6721, but   have   no t   been   recognised  
anywhere a t  t h e   s u r f a c e   a n d  are shown on t h e  
r e s o u r c e  map o n l y   i n   t h e   g r a p h i c   l o g .  

F l u v i o g l a c i a l   d e p o s i t s   h a v e   b e e n   r e w o r k e d  
l o c a l l y  a t  v a r i o u s  times a n d   i n c o r p o r a t e d   i n t o  
terraces o f   l a t e - G l a c i a l   a l l u v i u m ,   h i g h   r a i s e d  
beach   depos i t s   and   a l luv ium of t h e   p r e s e n t - d a y  
r i v e r s .   B o r e h o l e s  show t h a t   t h e   a l l u v i u m   a n d  
r a i s e d   b e a c h   d e p o s i t s   c o n t a i n   m i n e r a l   o n l y  
l o c a l l y ;   c o n s e q u e n t l y   t h e s e   d e p o s i t s   h a v e   n o t   b e e n  
a s s e s s e d .  The late-Glacial a l l u v i u m  is c o n s i d e r e d  
t o  be  barren.  

Based   on   the   e ight  IMAU b o r e h o l e s ,   t h e  mean 
t h i c k n e s s  of p o t e n t i a l l y   w o r k a b l e   f l u v i o g l a c i a l  
sand   and   grave l  i s  2.7m and  the  mean t h i c k n e s s  of 
overburden i s  0.3m (Table  9). From t h e   d r i l l i n g  
r e s u l t s  i t  i s  e v i d e n t   t h a t   i n   b l o c k  A t h e s e  
d e p o s i t s   c o n s t i t u t e  a widespread   resource   o f  
f a i r l y   e v e n   t h i c k n e s s .  The mean g r a d i n g  i s  f i n e s  
1 2  p e r   c e n t ,   s a n d  65 p e r   c e n t   a n d   g r a v e l  23 p e r  
c e n t   ( T a b l e  9 a n d   F i g u r e  l o ) .  The   grad ing  
d i s p l a y s   n o   d i s c e r n a b l e   r e g i o n a l   v a r i a t i o n .  

The f l u v i o g l a c i a l   s a n d   a n d   g r a v e l   p r o v e d   i n  
b o r e h o l e s   i n v a r i a b l y   o v e r l a y  s i l t  a n d   c l a y  
c l a s s i f i e d  as g l a c i o l a c u s t r i n e   d e p o s i t s ,   b u t   o n l y  
i n   b o r e h o l e  36 NW 339 d i d   t h e y   p r o v e   p o t e n t i a l l y  
workable.  

O f  t h e   t h r e e  M A U  b o r e h o l e s   s i t e d  on a l l u v i a l  
d e p o s i t s ,   o n l y   b o r e h o l e  36 NW 343, on t h e  

FINES SAND GRAVEL 

-100 

- 90 
I 
- 8 0  '0 

1 7 0  ! 
: 

60 2 
Lo 
5 

50 

40 2 

3 0  

2 0  

10 

0 

I<, ','s :k 1 2 4 8 16 32 64 
Aperture slze In rntlllrnetres 

Figure 10 G r a d i n g   c h a r a c t e r i s t i c s   o f   r e s o u r c e s   i n  
t h e   f l u v i o g l a c i a l   s a n d   a n d   g r a v e l  of b lock  A; f o r  
e x p l a n a t i o n  see F i g u r e  4 

f l o o d p l a i n   o f   t h e   R i v e r   N o r t h  Esk, proved 
mine ra l .  The o t h e r s ,  36 NW 346 and 36 NW 347, 
were s i t e d  on a h i g h - l e v e l ,  late-Glacial a l l u v i a l  
terrace, where   t he   s and   and   g rave l  i s  judged t o   b e  
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Table 10 Block  B :  Data f rom  sample   po in t s   and   t he   a s ses smen t  of r e s o u r c e s  

Sample   po in t   Recorded   th ickness  Mean g rad ing   pe rcen tage  
D e s c r i p t i v e  

FLUVIOGLACIAL AND GLACIAL  SAND 
26 NE 252 5.9 0.3 
26 NE 255 23.3+  2.7 
26 NE 256  1.4 1.8 
26 NE 257  3.2  5.0 
26 NE 259 1.4  1.8 
26 NE 261  1.3  0.4 
26 NE 263 12.0+ 0.3 
26 SE 161 11.0 2.0 
26 SE 163  6.0 5.8 
26 SE 164  4.6  2.0 
26 SE 165  20.2  0.4 
Mean 8.2  2.0 

GLACIOLACUSTRINE DEPOSITS 
26 N E  261 13.6 4.7 
26 SE 161  7.5  13.0 
26 SE 164  12.3  9.5 
26 SE 165 4.3+ 21.0 
Mean 9.4  12.1 

ALLUVIUM 
26 NE 258 1.1 1.1 
26 NE 262  1.3+ 0.8 
Mean 1.2 1 .o 

Boreho le ,   To ta l   Dep th   In t e r -   F ines  
p i t   o r   m i n e r a l  of ven ing  
s e c t i o n   b u r i a l  waste 4 

m m m mm 
---- 

' AND GRAVEL 
0.8 

1.2 

8.4* 
0.4 

0.5 

1 4  
12 
10 
22 
1 9  
13 

6 
8 

10 
20  

7 
10 

1 8  
22 
17 
29 
20  

16 
1 
8 

F i n e  
sand 
& 
- b m  

1 5  
3 3  
1 9  
32 
1 2  
32 
4 5  
46 
6 0  
34 
35 
37 

7 4  
7 2  
68  
65  
6 9  

29 
7 

17 

c a t e g o r y  
Medium C o a r s e   F i n e   C o a r s e   C o b b l e s   ( s e e   t h e  
sand   s and   g rave l   g rave l   and   d i ag ram 

-1 mm -4 mm -16 mm -64 mm +64 mm C) 
+% +1 +4 +16 b o u l d e r s   i n   A p p e n d i x  

1 5  
24 
57 
19  
35 
22 
37 
41  
29  
20 
3 3  
30 

1 2  
9 
8 
6 

18 
11 

3 
3 
1 
7 
6 
6 

18 
11 

4 
7 

11 
17 

4 
2 

9 
9 
8 

** 

2 4  
11 

2 
11 

5 
5 
5 ** 

** 
10 

9 
8 

2 

0 
3 
0 
0 
0 
0 
0 
0 
1 
1 

** CG 
c PS 
PS 
vc PS 
CPS 
CSG 
PS 
S 
cs 
vc PS 
PS 
c PS 

8 ** ** 0 0 cs 
6 ** 0 0 0 VC s 

1 5  ** ** 0 0 cs 
6 ** ** ** 0 \ICs 

10 1 ** ** 0 vc s 

16  7 1 4  18 0 CSG 
14  13  18  23 24 G 
15  10 1 6  21 1 3  SG 

* I n c l u d e s  2.3m of p o t e n t i a l l y   w o r k a b l e   g l a c i o l a c u s t r i n e   d e p o s i t s  

S t a t i s t i c a l  assessment of f luv ioglac ia l  

Area of   exposed  mineral  
Area o f   con t inuous   o r   a lmos t   con t inuous  

spreads   o f   minera l   benea th   overburden  
T o t a l   a r e a  of m i n e r a l  
Area  of  worked  ground 
Mean t h i c k n e s s  of  overburden 
Mean t h i c k n e s s  of m i n e r a l  
Es t ima ted  volume of mine ra l  
E s t i m a t e d   y i e l d  of s a n d   a n d   g r a v e l   p e r  

gravel 

h e c t a r e  

and g lac ia l  sand and 

3.  4km2 

5.1km2 
8. 5km2 
1. lkm2 
2 .Om 
8.2m 
69 million m 3 ?66% o r  4 6  m i l l i o n  m3 

82 thousand m 3 +66% o r  54 t housand  m3 

n o t   p o t e n t i a l l y   w o r k a b l e .  Even w i t h   a n c i l l a r y  
b o r e h o l e   i n f o r m a t i o n   t h e r e  are i n s u f f i c i e n t   d a t a  
t o   p r o v i d e  a c o n f i d e n t   e s t i m a t e   o f  mean t h i c k n e s s  
o r   g r a d i n g   f o r   t h e   a l l u v i u m ,   b u t  i t  i s  u n l i k e l y   t o  
exceed 2 m  i n   t h i c k n e s s .  

The   permanent   water   t ab le  was proved i n  
b o r e h o l e s  36 NW 337 and 3 3 9 ,  a t  3.3m and 4.6m 
r e s p e c t i v e l y   b e n e a t h   g r o u n d   l e v e l .   I n   b o r e h o l e s  
36 NW 340,   341 ' ,   342  and 345 perched water t a b l e s  
were met. Elsewhere,  water was n o t   s t r u c k   o r  was 
encoun te red   on ly   i n   minor   amoun t s .  

Sand   and   grave l  was former ly   worked   near  
Burnda le  L308 6 7 8 1 ,  now r e s t o r e d ,   a n d   i n  small 
p i t s   n e a r   E l r o o m h i l l  a t  [309 6 6 4 1  and  near   Lugton  
Bogs a t  [318 6751.  

There  i s  s u f f i c i e n t   i n f o r m a t i o n   t o   p r o v i d e  a 
s t a t i s t i c a l   a s s e s s m e n t   o n l y   f o r   t h e   f l u v i o g l a c i a l  
sand   and   grave l .  Details are g i v e n   i n   T a b l e  9 .  

Block B 
T h e   b l o c k   i n c l u d e s   t h e   s a n d   a n d   g r a v e l   d e p o s i t s  
n o r t h  of t h e   R i v e r   N o r t h  Esk  between  Auchendinny 
L255   6221  and   Midd lemi l l s  [305  6 6 4 1 .  Around 
Ros l in   and   Loanhead   t he   depos i t s  are main ly   bur ied  
benea th  till. An i n f e r r e d   b o u n d a r y  limits t h e  
e x t e n t   o f   b u r i e d   s a n d   a n d   g r a v e l   d e p o s i t s  as 
de termined   f rom IMAU a n d   a n c i l l a r y   b o r e h o l e  
informat ion .   The  area i s  f a i r l y   f l a t - l y i n g   b u t  
g e n t l y   i n c l i n e d   s o u t h - e a s t w a r d s   t o w a r d s   t h e   d e e p l y  
i n c i s e d   v a l l e y   o f   t h e   R i v e r   N o r t h  Esk. 

Except   where  exposed,   the   bedrock  throughout  
t h e   b l o c k  i s  g e n e r a l l y   t h o u g h t   t o   b e   m a n t l e d  by a 
basa l   ( l odgemen t )  till composed  of s t i f f   s t o n y  
c l a y ,   g e n e r a l l y   g r e y ,   g r e y i s h  brown o r   r e d d i s h  
brown i n   c o l o u r .  A l l  IMAU b o r e h o l e s   p r o v i n g   r o c k ,  
e x c e p t  26 NE 2 5 2 ,  p e n e t r a t e d  till, which   va r i ed  i n  
t h i c k n e s s   f r o m  0.3m i n   b o r e h o l e  26 NE 259  t o  9.2m 
i n   b o r e h o l e  26 SE 1 6 3 .  G l a c i a l  meltwater d e p o s i t s  
o v e r l i e   t h e  till a n d   c o n t a i n   t h e   b u l k  of t h e   s a n d  
and   g rave l   r e sources .   The  meltwater d e p o s i t s  are 
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Figure 11 G r a d i n g   c h a r a c t e r i s t i c s   o f   r e s o u r c e s   i n  
t h e   f l u v i o g l a c i a l   a n d   g l a c i a l   s a n d   a n d   g r a v e l  of 
block B ;  f o r   e x p l a n a t i o n   s e e   F i g u r e  4 

m a i n l y   o f   f l u v i o g l a c i a l   s a n d   a n d   g r a v e l ,  commonly 
w i t h   u n d e r l y i n g   g l a c i o l a c u s t r i n e   s e d i m e n t s ,   b u t  
a round  Old   Pent land  l 2 6 4  6611 a n d   S t r a i t o n  
l 2 7 3  6661  t h e y   c o m p r i s e   g l a c i a l   s a n d   a n d   g r a v e l .  
T h e   g l a c i a l   m e l t w a t e r   d e p o s i t s   i n   t u r n  are 
e x t e n s i v e l y   b u r i e d  by a s u r f a c e   d e p o s i t  of s t i f f ,  
s a n d y ,   s t o n y   c l a y ,   r e d d i s h  brown i n   c o l o u r ,  
v a r y i n g   i n   t h i c k n e s s   f r o m  0.9m i n   b o r e h o l e  26 NE 
256 t o  3.6m i n   b o r e h o l e   2 6  SE 163,  and  sometimes 
t e rmed   t he   "Ros l in  T i l l "  (Kirby,   1968) .  
E l s e w h e r e ,   g l a c i a l   s a n d   a n d   g r a v e l   u s u a l l y   f o r m s  
mounds a n d   r i d g e s ,   a n d   f l u v i o g l a c i a l   m a t e r i a l  
f l a t t i s h   s p r e a d s .   S a m p l e s   f r o m   p i t s   2 6  NE 262 and 
26 NE 258 i n d i c a t e   t h a t   a l l u v i u m   f l o o r i n g   t h e  
v a l l e y s   o f   t h e   R i v e r   N o r t h  Esk  and May Burn 
r e s p e c t i v e l y ,  is  p o t e n t i a l l y   w o r k a b l e .  

The   t h i ckness   and   compos i t ion   o f   t he   g l ac i a l  
meltwater d e p o s i t s  are r e l a t e d   t o   t h e i r  mode of 
d e p o s i t i o n .   T h e  f l u v i o g l a c i a l   a n d  
g l a c i o l a c u s t r i n e   s e d i m e n t s  were d e p o s i t e d  
r e s p e c t i v e l y  a t  t h e   m a r g i n s   a n d   i n   t h e   d e e p e r  
p a r t s  of a n  ice-dammed lake   which  is b e l i e v e d   t o  
have   occup ied   pa r t   o f   t he   Mid lo th i an   Bas in .  
P a l a e o c u r r e n t   d i r e c t i o n s   a n d   b e d f  orms  observed i n  
w o r k i n g   a n d   a b a n t i o n e d   p i t s   i n d i c a t e   t h a t   t h e  
f l u v i o g l a c i a l   s e d i m e n t s   w e r e   d e p o s i t e d   i n  a 
d e l t a i c   e n v i r o n m e n t   f r o m  meltwaters f l o w i n g   i n  a 
n o r t h - e a s t e r l y   d i r e c t i o n .  A t  t h e  same time, f i n e r  
g r a i n e d   g l a c i o l a c u s t r i n e   s e d i m e n t   w o u l d   h a v e  
s e t t l e d  on t h e   l a k e   b e d ,   t h e   g r a i n - s i z e   g r a d u a l l y  
d e c r e a s i n g  away f r o m   t h e   f r o n t   o f   t h e   d e l t a .   T h e  
p r o g r a d i n g   n a t u r e  of t he   sys t em  caused   t he  
g l a c i o l a c u s t r i n e   d e p o s i t s   t o   p a s s   u p   i m p e r c e p t i b l y  
i n t o   t h e   c o a r s e r   g r a i n e d  f l u v i o g l a c i a l   s e d i m e n t s .  
Much of t h e   f l u v i o g l a c i a l   m a t e r i a l  i s  composed  of 
s a n d   t y p i c a l  of d e l t a -   o r   f a n - f r o n t   d e p o s i t s ,  
t hough   t he   uppe r   pa r t   o f   t he   s equence   p roved  
g r a v e l l y  a t  most IMAU sample   po in t s   and  i s  
c o n s i d e r e d   t o   b e   d e l t a - t o p   a n d   c h a n n e l - f i l l  
d e p o s i t s  B e c a u s e   o f   t h e   v a r i a t i o n   i n  
d e p o s i t i o n a l   e n v i r o n m e n t s   a c r o s s   t h e   b l o c k ,   a s  
i l l u s t r a t e d  by t h e   d i f f e r i n g   s e q u e n c e s  of 
s e d i m e n t s   p e n e t r a t e d  by I M A U  b o r e h o l e s ,  i t  i s  no t  
p o s s i b l e   t o  make r e l i a b l e   s t a t e m e n t s   a b o u t   t h e  
n a t u r e  of t h e   g l a c i a l  meltwater depos i t s   be tween  
bo reho les .  

The f l u v i o g l a c i a l   d e p o s i t s   c o n s t i t u t e   t h e  
bulk of t h e   r e s o u r c e .  They are g e n e r a l l y   t h i c k l y  
deve loped   and   d i sp l ay  a coarsening-upwards 

s e q u e n c e .   B o r e h o l e   e v i d e n c e   s u g g e s t s   t h a t   t h e  
t h i c k e s t   d e p o s i t s   o f   s a n d   a n d   g r a v e l  are mainly 
l o c a t e d   i n  a s t r i p   u p   t o  1.5km wide   a long   t he  
sou th -eas t e rn   marg in  of t h e   b l o c k .   O u t s i d e   t h i s  
area, no  IMAU sample   po in t s   p roved   g l ac io -  
l a c u s t r i n e   d e p o s i t s   a n d   o n l y   o n e   s a m p l e   p o i n t ,  26 
NE 2 5 5 ,   p e n e t r a t e d  meltwater d e p o s i t s   t o  a d e p t h  
i n   e x c e s s   o f  25.0m. I n   t h e   s o u t h - w e s t   o f   t h e  
b l o c k ,   n e a r  Oatslie l 2 6 2  6241, bo reho le  26 SE 161  
proved 11.0m o f   f l u v i o g l a c i a l   s e d i m e n t s   b e n e a t h  
t ill .  The  uppermost 5.0m of m i n e r a l   g r a d e d  
as pebbly sand and   ove r l ay  6.0m of 'cZayey' sand 
w h i c h   f i n e d   w i t h   d e p t h   i n t o   g l a c i o l a c u s t r i n e  
depos i t s ,   on ly   t he   uppe rmos t  8.0m of   which  graded 
as  minera l .   Al though  the   base  of t h e   g l a c i a l  
meltwater d e p o s i t s  was not   p roved  by t h e   b o r e h o l e ,  
i t  i s  u n l i k e l y   t h a t   s a n d   a n d   g r a v e l  are p r e s e n t  
b e n e a t h   t h e   l a m i n a t e d   g l a c i o l a c u s t r i n e  s i l t s  found 
a t  the   base   o f   t he   ho le .   Nea rby  a similar 
s e q u e n c e   o f   f l u v i o g l a c i a l   s e d i m e n t s  was worked i n  
t h e  Oatslie s a n d   p i t s   w h e r e   u p   t o  9.0m of   sand ,  
g r a v e l l y   i n   t h e   u p p e r m o s t  3.0m, were taken   f rom 
benea th  a cove r  of till, 0.9 t o  3.0m t h i c k .  
P o t e n t i a l l y   w o r k a b l e   g l a c i o l a c u s t r i n e   d e p o s i t s   a r e  
a l m o s t   c e r t a i n   t o   u n d e r l i e   t h e   f l o o r s   o f   t h e   p i t s  
but  have  never  been  worked.  The f u l l   t h i c k n e s s   o f  
t h e   g l a c i a l   m e l t w a t e r   d e p o s i t s  was n o t   p r o v e d   t o  
t h e  east and   nor th-eas t   o f   Ros l in   where   boreholes  
26 SE 164  and  165 were t e r m i n a t e d  a t  depchs  of 
25.0m and 25.3m r e s p e c t i v e l y .  A t  bo reho le  26 SE 
165,   near   Rosslyn  Chapel  l 2 7 5   6 3 1 1 ,  a t h i n   f l o w  
t i l l  a t  5.8m s e p a r a t e d   g r a v e l l y   f l u v i o g l a c i a l  
s e d i m e n t s   f r o m   f i n e   t o  medium sand   wi th  rare 
pebbles   which   passed  down a t  21.0m i n t o   g l a c i o -  
l a c u s t r i n e   d e p o s i t s  of s a n d   w i t h  s i l t  a n d   c l a y  
seams. I n   b o r e h o l e   2 6  SE 164   the  meltwater 
d e p o s i t s  were o v e r l a i n  by 1.8m of till: an   uppe r  
d e p o s i t  of f l u v i o g l a c i a l   s a n d   a n d   g r a v e l  1.4m 
t h i c k  was s e p a r a t e d   f r o m  a l o w e r   d e p o s i t  3.2m 
t h i c k  by  8.4m o f   g l a c i o l a c u s t r i n e   l a m i n a t e d  s i l t  
and  sand  of  which  the  uppermost  6. lm  graded as 
non-mineral:  10.0m o f   p o t e n t i a l l y   w o r k a b l e   s i l t y ,  
f i n e   s a n d  a t  t h e   b a s e  of t h e   h o l e  were n o t  
bottomed. 

To t h e  east of  Loanhead t h e   g l a c i a l  meltwater 
d e p o s i t s  are a l s o   t h i c k l y   d e v e l o p e d .  I n  bo reho le  
26 NE 261, j u s t   s o u t h   o f   H a v e r a l  Wood P i t ,  
g r a v e l l y   f l u v i o g l a c i a l  material 1.3m t h i c k  was 
u n d e r l a i n  by 3.0m of f low till. Benea th   t he   f l ow 
till a n d   o v e r l y i n g  a lodgement till, 14.8m of 
g l a c i o l a c u s t r i n e   s e d i m e n t  was proved  which  f ined 
wi th   depth   becoming  non-minera l   in   the   lowermost  
1 2m. The f l u v i o g l a c i a l   s e d i m e n t s   e x p o s e d   i n  
Havera l  Wood P i t  are predominantly  composed  of 
s a n d ,   t y p i c a l  of d e l t a -   o r   f a n - f r o n t   d e p o s i t s ,  
which  become f ine r   g ra ined   sou thwards   t owards   t he  
borehole .  To t h e  east of t h i s   l o c a l i t y   e x p o s e d  
f l u v i o g l a c i a l   s a n d   a n d   g r a v e l  i s  c u r r e n t l y   b e i n g  
e x t r a c t e d  a t  M e l v i l l e   P i t .   I n   t h e   w o r k i n g   f a c e  
( s e c t i o n  26 N E  2 6 3 )   t h e   u p p e r ,   d e l t a - t o p   d e p o s i t  
graded as g r a v e l ,   r a n g e d   i n   t h i c k n e s s   f r o m  1 . 5  t o  
2.5m and  had a n   i r r e g u l a r   e r o s i v e   c o n t a c t   w i t h   t h e  
u n d e r l y i n g   d e l t a - f r o n t   s a n d s  of  which a maximum of 
10.0m was v i s i b l e   i n   O c t o b e r   1 9 8 2 .   H e a r s a y  
e v i d e n c e   s u g g e s t s   t h a t   t h e   w o r k i n g s   h a v e   e x p l o i t e d  
a l m o s t   t h e   f u l l   t h i c k n e s s  of t h e   d e p o s i t s .   T h e  
sand   and   g rave l  i s  b e l i e v e d   t o   t h i n   n o r t h w a r d s  
f r o m   t h e   p i t ,   t h e   d i r e c t i o n   i n   w h i c h   t h e   w o r k i n g s  
are p r o g r e s s i n g .  Near Parkburn c 2 9 3   6 7 1 1  boreho le  
26 NE 259 p e n e t r a t e d   o n l y  1.4m of   mine ra l ,   g rad ing  
as 'clayey'pebbly sand, o v e r l y i n g  a b a s a l  till and 
bu r i ed   benea th  a f low till. 

The g l a c i a l  meltwater d e p o s i t s  are  thought  t o  
th in   no r thwards   and   no r th -wes twards   f rom  Ros l in  as 
i n d i c a t e d  by t h e   p r e s e n c e  of   bedrock  cropping  out  
i n   R i l s t o n   G l e n   a n d   a r o u n d  New P e n t l a n d  L268  6571.  
Boreho le  26 SE 163 a t  L a n g h i l l  Farm L268 6421 
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p e n e t r a t e d  3.6m of   f low t i l l  on 8.0m of f l u v i o -  
g l a c i a l   s e d i m e n t   ( t h e   u p p e r m o s t  2.0m graded as 
non-mine ra l ) ,   ove r ly ing  a b a s a l  till. The 
p o t e n t i a l l y   w o r k a b l e  material graded as  ' c layey '  
sand, t h e   g r a v e l l y   d e l t a - t o p   f a c i e s   d e p o s i t s  
r e c o r d e d   i n  a l l  o t h e r  I M A U  b o r e h o l e s   i n   t h e   b l o c k  
b e i n g   a b s e n t .  A similar d e p o s i t  was worked a t  
B i l s t o n   s a n d   p i t   w h e r e   u p   t o  4.0m of  sand  and 
g r a v e l  were e x t r a c t e d   f r o m   b e n e a t h   u p   t o  2.lm  of 
till. N o r t h   o f   B i l s t o n  L 2 6 l   6 4 7 1 ,  sand   and   g rave l  
i s  known t o   h a v e   b e e n   w o r k e d   a t   t h r e e   l o c a l i t i e s .  
A t  Nivens Knowe a n   i n f i l l e d   p i t  showed 3.0m of 
sand   and   g rave l   benea th  1.2m of  till; and  up t o  
6.0m of g rave l   and   s and  were fo rmer ly   exposed  
benea th  0.9m of t i l l  i n   t h e   p i t   n e a r   P e n t l a n d  
Mains L259   6551 .  I n   t h e   p i t   b e t w e e n   O l d   P e n t l a n d  
and  New P e n t l a n d ,   c u r r e n t l y   b e i n g   i n f i l l e d ,   u p   t o  
6.0m of f ine ly   bedded   s and   and   g rave l  were v i s i b l e  
b e n e a t h   0 . 6   t o  1.2m of  till. The f u l l   t h i c k n e s s  
o f   t h e   g l a c i a l  meltwater d e p o s i t s  was n o t   r e v e a l e d  
a t  a n y   o f   t h e s e   l o c a l i t i e s .   B o r e h o l e  26 NE 256, 
d r i l l e d   t o   t h e  east of t h e   l a s t - m e n t i o n e d   p i t ,  
s u g g e s t e d   t h a t   t h e   s e d i m e n t s   h e r e a b o u t s   t h i n  
eas twards :  0.9m of  flow t i l l  o v e r l a y  1.4m 
of ' c layey '  pebbly sand on 0.7m of   laminated  sandy 
s i l t  on b a s a l  till. West o f   t h e   p i t  a t  Old 
P e n t l a n d ,   h o w e v e r ,   f l u v i o g l a c i a l   s a n d   a n d   g r a v e l  
b u r i e d   b e n e a t h  2.0m of   f low till was not   bo t tomed 
a t  a depth  of  26. Om, t h o u g h   t h e   e x t e n t  of d e p o s i t s  
of   such   th ickness  i s  t h o u g h t   t o   b e   l i m i t e d .   T h e  
sed imen t s  are  u n u s u a l   i n   t h a t   t o  a dep th  of  17.3m 
t h e y  were predominant ly   composed  of   gravel ,   unl ike 
much of t h e   m i n e r a l   i n   t h e   b l o c k .  A small sand  
p i t   i n   t h e   e x p o s e d   f l u v i o g l a c i a l   s e d i m e n t s   t o   t h e  
west of   S t ra i ton   shows 7.0m of f i n e   t o  medium sand 
w i t h   s c a t t e r e d   p e b b l e s .  A b o r e h o l e   a b o u t  l O O m  
s o u t h  of t h e   p i t   p r o v e d  9.5m of   sand   and   grave l  
o v e r l y i n g  a b a s a l  till. 

Glacial sand   and   g rave l   depos i t s   fo rm mounds 
and   r idges   and  are a l s o   b e l i e v e d   t o   o c c u r   b e n e a t h  
f low till t o   t h e   n o r t h   a n d   n o r t h - w e s t  of Old 
Pent land .   The   sed iments  are t h o u g h t   t o   b e  
g e n e r a l l y  composed  of g r a v e l  as noted   f rom 
numerous small e x p o s u r e s   e x a m i n e d   d u r i n g   t h e   f i e l d  
su rvey .   Boreho le  26 NE 252 ,   near   Loth ianburn  
L250 6 7 0 1 ,  demons t r a t ed  a p o o r l y   s o r t e d  ' c layey '  
gravel d e p o s i t  4.0m t h i c k ,   s e p a r a t e d  by a t h i n  
f l o w  till from 1.9m of well s o r t e d  ' c layey '  sandy 
gravel over ly ing   bed rock .  Near t h e  s i t e  of 
B r o o m h i l l  House  11.0m  of  sand  and  gravel  beneath 
p e a t  were r e c o r d e d   i n  a b o r e h o l e  L2651  66961.  To 
t h e   n o r t h - w e s t   o f   S t r a i t o n ,   b o r e h o l e  26 N E  257 
proved 7.8m of g l a c i a l   s a n d   a n d   g r a v e l ,   o n l y  3.2m 
of  which  graded as  mine ra l ,   bu r i ed   benea th   head ,  
a n d   o v e r l y i n g   b a s a l  till. 

T h e   p o t e n t i a l l y   w o r k a b l e   g l a c i a l  meltwater 
d e p o s i t s   m a i n l y  l i e  above   t he  water t a b l e ;   t h o s e  
below are m a i n l y   o f   g l a c i o l a c u s t r i n e   o r i g i n .  Of 
t h e   e l e v e n   s a m p l e   p o i n t s   i n   t h e   b l o c k   p r o v i n g  
meltwater d e p o s i t s   f i v e   d i d   n o t   e n c o u n t e r  
g roundwate r   i n   t he   mine ra l   and   67 .5   pe r   cen t  of 
she   s and   and   g rave l   s ampled   l ay   above   t he  water 
t a b l e .  

T h e   v a l l e y s ,  commonly f l o o r e d  by bedrock,  
c o n t a i n   t h i n   r i b b o n s  of a l luv ium  wh ich   a r e   no t  
t h o u g h t   t o   c o n s t i t u t e  a s i g n i f i c a n t   r e s o u r c e .  
Data on the   depos i t s   have   been   exc luded   f rom  the  
b l o c k   c a l c u l a t i o n s .  P i t  26 NE 258 a t  Ashgrove 
L279   6641  demons t r a t ed   t he   a l luv ium  o f   t he  May 
B u r n   t o   c o m p r i s e  l . l m  o f   poor ly   so r t ed ,  ' c layey '  
sandy gravel.  I n   t h e   v a l l e y  of   the   River   Nor th  
Esk ,   a l l uv ium  fo rms   ex tens ive  terraces around 
P o l t o n  L 2 9 2   6 4 8 1 ,  where p i t  26 NE 262 d i d   n o t  
bot tom a g r a v e l l y   d e p o s i t  a t  a dep th  of  2.lm. 

S a n d   a n d   g r a v e l   u n d e r l i e s   t h e   v i l l a g e s   o f  
L o a n h e a d ,   R o s l i n   a n d   B i l s t o n   a n d   s p e n t   o i l   s h a l e  
t i p s   n e a r  Dryden  Mains L276   6401  and a t  Pen t l and .  

A s i g n i f i c a n t  amount  of material has   been  
e x t r a c t e d   f r o m  p i t s  and  working  cont inues a t  two 
l o c a l i t i e s   ( T a b l e   1 6 ) .   N o n e t h e l e s s ,   t h e   g l a c i a l  
m e l t w a t e r   d e p o s i t s   i n   t h e   b l o c k   o f f e r   s i g n i f i c a n t  
p o t e n t i a l   f o r   e x p l o i t a t i o n  by dry  working  methods,  
e s p e c i a l l y   f o r   s a n d ,   e v e n   t h o u g h   t h e y  are mainly 
bu r i ed   benea th   f l ow till. F u r t h e r   i n f o r m a t i o n  on 
t h e   r e s o u r c e  i s  p r e s e n t e d   i n   T a b l e  10 and   F igure  
11. 

Block C 
From t h e   m a r g i n   o f   t h e   r e s o u r c e   s h e e t   n e a r  
Bruns ton  1 2 0 1   5 8 3 1  t o  Auchendinny  the   b lock   takes  
i n  sand   and   g rave l   depos i t s  on b o t h   s i d e s  of t h e  
River   North  Esk,   a l though  most  l i e  t o   t h e   n o r t h -  
west. Downstream  of  Auchendinny to   Bonnyr igg   and  
Lasswade,   resources  on t h e   s o u t h - e a s t  bank of t h e  
River   North  Esk  and east of Rosewell  are inc luded .  

T h e   p r i n c i p a l   r e s o u r c e  i s  c o n t a i n e d   i n   t h e  
g l a c i a l  meltwater depos i t s ,   which   form 
d i s c o n t i n u o u s   o u t c r o p s .  West o f   Pen icu ik   t he  
d e p o s i t s  are c h i e f l y   c l a s s i f i e d  as  g l a c i a l   s a n d  
and   grave l   and   occur  as 3 series of  mounds, 
commonly e longa te ,   a r cua te   and   fo rming   marked  
f e a t u r e s ,   f o r   e x a m p l e  Long Knowe L205  5991,  which 
s t a n d s   o v e r  20m above   t he   su r round ing   g round  
s u r f a c e .  T h e   f o r m   o f   t h e   d e p o s i t s   r e f l e c t s   t h e  
mode  of d e p o s i t i o n .   E l s e w h e r e ,   t h e   d e p o s i t s  are 
c l a s s i f i e d  as f l u v i o g l a c i a l   s a n d   a n d   g r a v e l :   t h e s e  
are  p o s t - d e p o s i t i o n a l l y   d i s s e c t e d   f l a t t i s h  
s p r e a d s .   G l a c i o l a c u s t r i n e   d e p o s i t s  were 
i d e n t i f i e d   i n   s e v e r a l   b o r e h o l e s ,   m a i n l y  on t h e  
b a s i s  of g r a i n - s i z e   a n a l y s i s ,   b u t   t h e s e   d e p o s i t s  
have   no t   been   recognised  a t  t h e   s u r f a c e .  

S e v e n   b o r e h o l e s   p r o v e d   t h e   f u l l   d r i f t  
s u c c e s s i o n   t o   r o c k h e a d ,   t h r e e  were s t i l l  i n  
s u p e r f i c i a l   d e p o s i t s   ( t i l l )  a t  25m, t h e  maximum 
d e p t h   o f   d r i l l i n g ,   a n d   t h e   r e m a i n d e r  were 
t e r m i n a t e d   p r e m a t u r e l y   f o r   t e c h n i c a l   r e a s o n s .  The 
material u n d e r l y i n g   t h e   l o w e s t   m i n e r a l   d e p o s i t s   i n  
b o r e h o l e s   c o m p r i s e d   e i t h e r  till o r  
g l a c i o l a c u s t r i n e   d e p o s i t s .  

P o t e n t i a l l y   w o r k a b l e   s a n d   a n d   g r a v e l  i s  
g e n e r a l l y   f o u n d   w i t h i n  l m  o f   t h e   s u r f a c e ,   t h e   m a i n  
e x c e p t i o n   b e i n g   i n   t h e  area between  Coates  and 
Cuiken L232 6111 ,  where   boreholes  26 SW 83   and   86  
proved 2.2m and 4.0m, of   overburden   respec t ive ly .  

Based on o n e   a n c i l l a r y   r e c o r d   a n d   f i f t e e n  
IMAU s a m p l e   p o i n t s ,   t h e  mean t h i c k n e s s e s   o f  
m i n e r a l   a n d   o v e r b u r d e n   i n   t h e   f l u v i o g l a c i a l   a n d  
g l a c i a l   s a n d   a n d   g r a v e l  are 8.4m and 0.7m, 
r e s p e c t i v e l y   ( T a b l e  11). The g r e a t e s t   m i n e r a l  
t h i cknesses   p roved  were i n   b o r e h o l e s  25 NW 77 and 
26 SW 84 on t h e   P e n i c u i k  Estate and   borehole  36 SW 
250 south-eas t   o f   Rosewel l .   Borehole  26 SE 162 
proved 15.4m  of g r a v e l   b e f o r e   b e i n g   t e r m i n a t e d  by 
a n  obs t ruc t ion .   The   t h i ckness   o f   mine ra l   p roved  
i n   b o r e h o l e s   ( T a b l e  11) d i s p l a y s  a marked 
v a r i a t i o n .  Mounds and   r idges   o f   g lac ia l   sand   and  
g r a v e l  may c o n t a i n   c o n s i d e r a b l e   t h i c k n e s s e s ;   f o r  
example,   borehole  26 SW 8 4 ,   s i t e d  on t h e  crest of 
a n   a r c u a t e   r i d g e ,   p r o v e d  a r e s o u r c e  16.9m t h i c k .  
By c o n t r a s t ,   b o r e h o l e s  25 NW 75 and   76 ,   s i t ed   on  
f l a t t i s h   g r o u n d ,   p r o v e d  2.7m and 2.5m of 
p o t e n t i a l l y   w o r k a b l e   g l a c i a l   s a n d   a n d   g r a v e l ,  
r e s p e c t i v e l y .  I n  t h e   f l u v i o g l a c i a l   s a n d   a n d  
g r a v e l ,   b o r e h o l e s   i n d i c a t e   t h a t   t h e   d e p o s i t   t h i n s  
down-va l l ey   t owards   t he   no r th -eas t ,   a l t hough   t he re  
are  excep t ions ,   fo r   example ,   bo reho le  26 SE 159, 
which  proved 6.3m of  sandy gravel ,  p r o b a b l y   c l o s e  
t o   t h e   m a r g i n  of t h e   d e p o s i t .   B o r e h o l e   3 6  SW 250 
proved 22.6m of ' c layey '  pebbly sand i n   c o n t r a s t  
t o   b o r e h o l e  26 SE  170   nearby ,   which   pene t ra ted  
3.8m of sandy gravel ,  s u g g e s t i n g   t h a t   t h e   t h i c k e r  
d e p o s i t  f i l l s  a d e p r e s s i o n .  

Two IMAU b o r e h o l e s   i d e n t i f i e d   m i n e r a l  
depos i t s   benea th   ove rburden   exceed ing  l m  i n  
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Table 11 Block  C: Data   f rom  sample   po in ts   and   the   assessment  of r e s o u r c e s  

Sample  point   Recorded  thickness  Mean g r a d i n g   p e r c e n t a g e  
D e s c r i p t i v e  
c a t e g o r y  

Boreho le   To ta l   Dep th   In t e r -   F ines   F ine  Medium Coarse   F ine   Coarse   Cobbles   ( see   the  
o r   p i t   m i n e r a l  of ven ing   s and   s and   s and   g rave l   g rave l   and   d i ag ram 

b u r i a l   w a s t e  -k, i-k +% +1 +4 +16 b o u l d e r s   i n   A p p e n d i x  
m m m mm - h m  -1 -4 mm -16 mm -64 m +64 mm C)  

FLUVIOGLACIAL AND GLACIAL SAND AND GRAVEL 
25 NW 74 3.1  0.8  18 
25 NW 75 2.7  0.2 9 
25 NW 76 2.5 0.2 5.5" 6 
25 NW 77 17.0  0.4  6.45 6 
26 SW 83 4.6 2.2 2.4 21 
26 SW 84 16.9  0.3 14 
26 SW 86 1.6  4.0 7 
26 SW 94 6.8 0.2 9 
26 SE 159  6.3  0.3 8 
26 SE 162  15.4+  0.3 7 
26 SE 168  5.4  0.4 6 
26 SE 169  2.1  0.9 8 
26 SE 170 3.8 0.3 6 
36 SW 250 22.6 0.2 0.8 10 
S E  23 1 14.94-  0.3 1 
Mean 8.4  0.7 0.5 9 

37 20 
9 16 
9 34 

39 31 
64 6 
34 28 
1 5  15 
47  33 
8 18 
9 20 
8 17 
8 28 
15 34 
45 40 
4 18 

27 26 

4 
12 
12 
9 
2 
10 
6 
3 
21 
15 
11 
16 
10 
2 
18 
10 

10 
23 
26 
9 
3 
9 

11 
4 
24 
20 
29 
20 
17 
2 
23 
13 

11 
26 
13 
6 
3 
5 
21 
4 
18 
26 
25 
20 
18 
1 
23 
12 

0 
5 
0 
0 
1 

25 
0 
3 
3 
4 
0 
0 
0 
1316 
3 

** 

CSG 
G 
SG 
PS 
VCPS 
c PS 
G 
PS 
SG 
G 
G 
SG 
SG 
cs 
G 
SG 

GLACIOLACUSTRINE DEPOSITS 
25 NW 75 1.0 4.6  26 61 1 2  0 1 0 0 vc s 
25 NW 76 4.0 1.0 1.5 24 65 10 ** 1 0 0 vcs 
25 NW 77 5.2 12.8  1.2  26 67  7 ** ** 0 0 vc s 
26 SW 94 5.5 7.0  29  67 4 ** ** 0 0 vcs 
Mean 3.9  6.4  27 66  7 ** ** 0 0 vc s 

ALLUVIUM 
26 SW 82 1.8 0.2 4 8 11 14  20  23 20 G 

* I n c l u d e s  4.0m o f   p o t e n t i a l l y   w o r k a b l e   g l a c i o l a c u s t r i n e   d e p o s i t s  
5 I n c l u d e s  5.2m of p o t e n t i a l l y   w o r k a b l e   g l a c i o l a c u s t r i n e   d e p o s i t s  
0 G r a d i n g   d a t a   r e f e r s   t o   u p p e r m o s t  7.9m on ly  

Sta t i s t ica l   assessment  of f luvioglacial  

Area of   exposed  mineral  
Area   o f   cont inuous   o r   a lmost   cont inuous  

sp reads   o f   mine ra l   benea th   ove rburden  
T o t a l   a r e a   o f   m i n e r a l  
Area  of  worked  ground 
Mean t h i c k n e s s  of overburden  
Mean t h i c k n e s s   o f   m i n e r a l  
Est imated  volume  of   mineral  
Es t ima ted   y i e ld   o f   s and   and   g rave l   pe r  

sand and gravel 

h e c t a r e  

and g lac ia l  

6.4km2 

O.lkm2 
6. 5km2 

<O .1 km2 
0 . 7 m  
8.4m 
5 4  million m3 48% o r  26 m i l l i o n  m3 

84 thousand m3 48% o r  40 thousand m3 

t h i c k n e s s .   I n   b o r e h o l e  26 SW 83, 'uery  clayey'  
sand under l ay  2.2m o f   s o i l   a n d   f l o w  till. The 
o u t c r o p   o f   t h e  till i s  probably  of l i m i t e d   e x t e n t ,  
as shown  on t h e   r e s o u r c e  map. Boreho le  26 SW 86 
a t  Cuiken  proved 4.0m o f   s o i l   a n d  till on 1.6m of 
g r a v e l .  A number of o t h e r   b o r e h o l e   r e c o r d s   h e l d  
by IGS a l s o   c o n f i r m   t h e   e x i s t e n c e   o f   s a n d   a n d  
g r a v e l   u n d e r l y i n g   t h e   C u i k e n   d i s t r i c t  of   Penicuik,  
now b u i l t  on; no a t t e m p t   h a s   b e e n  made t o  
d e m a r c a t e   t h e   p o s s i b l e   e x t e n t  of a concea led  
r e s o u r c e   t h e r e a b o u t s .  

The mean g r a d i n g  of p o t e n t i a l l y   w o r k a b l e  
f l u v i o g l a c i a l   a n d   g l a c i a l   s a n d   a n d   g r a v e l  i s  f i n e s  
9 per   cen t ,   s and  63 p e r   c e n t   a n d   g r a v e l  28 p e r  
c e n t   ( T a b l e  11 and   F igu re  12). 

West and   no r th   o f   Pen icu ik ,   fou r   bo reho les  
were s i t e d  on g l a c i a l   s a n d   a n d   g r a v e l ,   a n d  
bo reho les  25 NW 77 and 26 SW 86 proved   t he  same 

material a t  dep th .   Boreho les  25 NW 75 and 76 
p e n e t r a t e d   t h i n   d e p o s i t s  of g r a v e l   o v e r l y i n g  
g l a c i o l a c u s t r i n e   d e p o s i t s ,  some seams  of  which 
g r a d e d   a s   m i n e r a l .   B o r e h o l e s  26 SW 84 and 25 NW 
74 proved 16.9m and 3.lm r e s p e c t i v e l y  of ' c layey '  
sand and gravel ,  t h e   f o r m e r   h a v i n g   b e e n   s i t e d  on 
t h e   c r e s t  of a r i d g e   a n d   t h e   l a t t e r  on a f l a t  
between mounds. 

A more r e a d i l y   d i s c e r n i b l e   p a t t e r n   o f  
d e p o s i t i o n  i s  r e c o g n i s a b l e   i n   t h e   f l u v i o g l a c i a l  
sand   and   grave l ,   which  is  b e l i e v e d   t o   h a v e   b e e n  
l a i d  down a s   d e l t a - f a n   d e p o s i t s  by meltwaters 
e m a n a t i n g   f r o m   r e t r e a t i n g   o r   s t a g n a n t  ice, and 
s u b s e q u e n t l y   d i s s e c t e d  by f l u v i a l   a c t i o n .  
Boreho les  show t h e   s u r f a c e   d e p o s i t s   a r e   w i t h o u t  
e x c e p t i o n   p e b b l y   o r   g r a v e l l y ,   b u t   t h e   t h i c k n e s s e s  
a r e   v a r i a b l e .   B o r e h o l e s  26 SE 159,  168, 169 and 
170 p r o v e d   m i n e r a l   d e p o s i t s   n o   t h i c k e r   t h a n  6-3m. 
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Figure 1 2  G r a d i n g   c h a r a c t e r i s t i c s   o f   r e s o u r c e s   i n  
t h e   f l u v i o g l a c i a l  and g l a c i a l   s a n d   a n d   g r a v e l   o f  
block C ;  f o r   e x p l a n a t i o n  see F i g u r e  4 

I n   t h e   r e m a i n i n g  IMAU b o r e h o l e s   t h a t   p e n e t r a t e d  
more t h a n  10m of f l u v i o g l a c i a l   s a n d   a n d   g r a v e l ,  
e x c e p t i n g   b o r e h o l e   2 6  SE 162  which  proved  gravel  
t o   t h e   t e r m i n a t i o n   d e p t h  of 15.7m, i t  i s  clear 
t h a t   t h e   g r a v e l l y   s u r f a c e   d e p o s i t s   o v e r l i e  
p redominan t ly   s andy   s equences ,   t he   l ower   pa r t s  of 
which are c l a s s i f i e d  as g l a c i o l a c u s t r i n e   d e p o s i t s  
i n   b o r e h o l e s  25 NW 77 and 26 NW 94. A similar 
s u c c e s s i o n  was p e n e t r a t e d  by borehole   26 SE  165 i n  
b lock  B.  P o t e n t i a l l y   w o r k a b l e   g l a c i o l a c u s t r i n e  
d e p o s i t s  were sampled f roul f o u r   b o r e h o l e s ,  a l l  i n  
the   wes t e rn   ha l f   o f   t he   b lock .   The   mine ra l  
d e p o s i t s  were commonly i n t e r b e d d e d   w i t h  non- 
mineral   sequences  of   sandy  and  c layey s i l ts .  

P i t  26 SW 82  proved  1.8m o f   g r a v e l ,  
c l a s s i f i e d  as a l l u v i u m .   I n  common w i t h   t h e  
a l luv ium  of   the   River   Nor th   Esk ,   for   which   no  
s a m p l e   p o i n t s   e x i s t   i n   b l o c k  C ,  t h e s e   d e p o s i t s  are  
n o t   a s s e s s e d .   T h e  mean t h i c k n e s s   o f   m i n e r a l  i s  
l i k e l y   t o   a v e r a g e  lm. 

The m a j o r i t y   o f   t h e   s a n d   a n d   g r a v e l   i n   t h e  
b lock   would   be   capable   o f   d ry   working   on   the  

FINES I SAND I G R A Y 1  

I I I I I I I I I I  
/---- 

4 3 2 1 0 -1 -2 -3 -4 -5 -6 0 + 

2 4 8 16 3 2  
1 64 

30 

20 

10 
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Figure 13 G r a d i n g   c h a r a c t e r i s t i c s  of r e s o u r c e s   i n  
t h e   g l a c i a l   s a n d   a n d   g r a v e l  of b l o c k  D;  f o r  
e x p l a n a t i o n   s e e   F i g u r e  4 

e v i d e n c e   o f  IMAU b o r e h o l e s .   E x c e p t i o n s  were 
boreholes   26  SE 159  and 168,  which  proved 
g roundwate r   w i th in  3 m  o f   t h e   s u r f a c e ,   a n d   b o r e h o l e  
26 SW 8 6 ,   w h e r e   t h e   b u r i e d   m i n e r a l   d e p o s i t   a c t e d  
as a n   a r t e s i a n   a q u i f e r .   B o r e h o l e s  25 NW 77,  26 SW 
94 and 26 SE 162   pene t r a t ed   t he   pe rmanen t  water 
t a b l e   n e a r   t h e   b a s e s   o f   t h e   s a n d   a n d   g r a v e l  
d e p o s i t s .   T h e   r e m a i n d e r  were d r y   o r   s t r u c k  
perched water t a b l e s .   B o r e h o l e s   i n d i c a t e   t h a t  
t h e r e  i s  a g e n e r a l   d e c l i n e   i n  water t a b l e   l e v e l  
from west t o  east ( f o r   e x a m p l e  256.7m above OD i n  
26 SW 8 4   t o  136m above OD i n  26 SE 169) .  

The re  are no a c t i v e   s a n d   a n d   g r a v e l   w o r k i n g s  
i n   b l o c k  C ,  a l t h o u g h   p i t s   f o r m e r l y   e x i s t e d  a t  
Parkneuk [ 2 9 6   6 3 0 1 ,  i n   t h e   n e i g h b o u r h o o d   o f  
Hawthornden a t  [ 2 9 9   6 3 2 1  and a t  two s i tes  w i t h i n  
t h e   b u i l t - u p  area o f   t he   Pen icu ik   (Tu l loch   and  
Walton,  1958).  The  Ordnance  Survey  base map 
r e c o r d s  a former   working   near   Ross lyn   Lee  a t  
[267   6211.  

BZock D 
With a t o t a l  area of 44.3km2, b l o c k  D 

i n c l u d e s   m o s t   o f   t h e   g l a c i a l   s a n d   a n d   g r a v e l  on 
t h e   s o u t h e r n   r e s o u r c e  map,  and e n c l o s e s   t h e  
undulat ing  ground  between  Waterheads [ 2 4 3   5 0 9 1  i n  
t h e  west and   Ches t e r  H i l l  i n   t h e  east. I t s  
w e s t e r n   b o u n d a r y   m a r k s   t h e   t r a n s i t i o n   t o   m i n e r a l -  
bear ing   ground  f rom  the   p redominant ly   minera l - f ree  
area of   sub-block G3, w h e r e a s   t h e   s o u t h - e a s t e r n  
b o u n d a r y   c o i n c i d e s   w i t h   t h e   f a u l t   s c a r p   o f   t h e  
Moorfoot Hills .  To t h e   n o r t h ,   t h e   b l o c k   b o u n d a r y  
a p p r o x i m a t e s   t o   t h e   n o r t h e r n  limit o f   g l a c i a l   s a n d  
a n d   g r a v e l  a t  outcrop .   Dra inage  i s  p redominan t ly  
nor th-eas twards ,   except   in   the   south-wes t   where  a 
b e d r o c k   h i g h   c a u s e s   t h e   E d d l e s t o n  Water t o   d r a i n  
southwards.  

The b l o c k   i n c l u d e s   l a r g e   p a t c h e s   o f  
p r e d o m i n a n t l y   b a r r e n  till, f r e q u e n t l y   o v e r l a i n  by 
s p r e a d s   o f   p e a t ,  as around  S ide  Moss C287  5501 and 
Yorks ton  Moss C327 5461 .  These   form  ex tens ive  
wi ld   up land  areas. M i n e r a l   o c c u r s   i n   t h e   g l a c i a l  
sand   and   grave l   and   benea th   a l luv ium.   Boreholes  
25 NW 20,  35 NW 298  and  35 SW 9 p r o v e d   t h e   b a s a l  
p a r t s   o f   t h e   g l a c i o l a c u s t r i n e   d e p o s i t s   t o   b e  
p o t e n t i a l l y   w o r k a b l e .   A d d i t i o n a l l y  areas of  
a l l u v i a l   f a n   a n d   g l a c i a l   s a n d   a n d   g r a v e l  
a s s o c i a t e d   w i t h   g l a c i a l   d r a i n a g e   c h a n n e l s   a n d  
v a l l e y s  on t h e   n o r t h e r n   s c a r p   o f   t h e   M o o r f o o t  
Hills h a v e   b e e n   i n c l u d e d   i n   t h e   a s s e s s m e n t   b e c a u s e  
t h e y   a r e   t h o u g h t   t o   c o n t a i n   d e p o s i t s  of  greywacke 
g r a v e l .  

The  mineral-bear ing  ground  can  be 
c o n v e n i e n t l y   d i v i d e d   i n t o   t h r e e  areas: t h a t   i n   t h e  
v a l l e y  of E d d l e s t o n  Water, i n   t h e  west; a rough ly  
s e m i c i r c u l a r   o u t c r o p  commencing i n   t h e   n o r t h ,   n e a r  
Mount Loth ian ,   and   swinging   southwards   and  
eas twards   round   t he   sou the rn   marg in  of Gladhouse 
Rese rvo i r   t o   end   nea r   B lackburn   S t r ip  [315   5431;  
a n d   a n   i s o l a t e d   b u t   t h i c k   p a t c h   i n   t h e   e x t r e m e  
n o r t h - e a s t .  

The g l a c i a l   s a n d   a n d   g r a v e l   o f   t h e   E d d l e s t o n  
v a l l e y  was i n v e s t i g a t e d  by t h r e e   b o r e h o l e s   a n d  
t h r e e   p i t s .  A l l  proved   mine ra l   wh ich   va r i ed   i n  
t h i c k n e s s   f r o m  1 . 3 m  i n   p i t  25 SW 1 7   t o   i n   e x c e s s  
O f  10.0rn i n  2 5  SW 2 1 ,   t h e  l a t t e r  sample   po in t  
be ing  a compos i t e  of a qua r ry   f ace   and  a p i t  dug 
a t  i t s  f o o t .  The f u l l   m i n e r a l   t h i c k n e s s  was 
p r o b a b l y   n o t   p r o v e d   i n   b o r e h o l e  25 SW 20, which 
was abandoned on a n   o b s t r u c t i o n .  The d e p o s i t s  
r a n g e   i n   g r a d i n g   f r o m  sandy gravel t o  gravel ,  
p a r t l y  ' c layey '  and ' very   c layey '  a l t h o u g h   g l a c i o -  
l a c u s t r i n e   d e p o s i t s   w h i c h   g r a d e d  as ' very   c layey '  
sand w e r e   e n c o u n t e r e d   i n   b o r e h o l e  25 SW 20. P i t  
25 SW 1 7  proved 1. Om o f   g r a v e l   i n   a n   a r e a   o f  
p o o r l y   d e f i n e d  mounds  of g l a c i a l   s a n d   a n d   g r a v e l ,  
whereas   bo reho le  25 SW 18 ,  a t  a h i g h   e l e v a t i o n ,  

2 2  



Table 12 B l o c k  D: Data f rom  sample   po in t s   and   t he   a s ses smen t   o f   r e sources  

Sample   po in t   Recorded   th ickness  Mean g r a d i n g   p e r c e n t a g e  
D e s c r i p t i v e  
c a t e g o r y  

Boreho le ,   To ta l   Dep th   In t e r -   F ines   F ine  Medium Coarse   F ine   Coarse   Cobbles  (see t h e  
p i t   o r   m i n e r a l   o f   v e n i n g   s a n d   s a n d   s a n d   g r a v e l   g r a v e l   a n d   d i a g r a m  
s e c t i o n   b u r i a l  waste -k 4% +% +1 +4 +16 b o u l d e r s  i n  Appendix 

m m m mm -%mm -1 mm -4 mm -16 mm -64 mm +64 mm C) 

GLACIAL  SAND AND GRAVEL 
25 NE 135 1.8 0.3 1 9  
25 NE 136 2.6  0.2  7 
25 NE 138 5.0 0.1 6 
25 SW 16  1.0 3.0 15 
25 SW 17 1.0 0.2  7 
25 SW 18 4.4 0.3 23 
25 SW 1 9  1.8+ 0.3 5 
25 SW 2 0  3.5+ 0.3 5.0* 20 
25 SW 21 10. o+ 0.3 7 
25 SE 1 6.6  0.2  8 
25 SE 3 5.0 1.0 0.2  8 
25 SE 4  4.1  0.2  6 
25 SE 5 4.8 0.2 9 
25 SE 6 1 .o 0.3 10 
35 NW 298  8.0  0.2 1 6  
35 SW 6 7.1  0.2  9 
35 sw 9 7.0 0.6 1 2  
Mean 4.4 0.5 11 

1 9  11 
5 10 
4 13 
6 11 
3 8 

1 9  11 
8  26 

26  10 
1 9   1 7  

6 9 
5 11 

10 20 
6 9 
4  9 

5 5  27 
7  7 

36  32 
18 1 6  

11 
15 
1 4  
1 4  
1 5  
1 2  
1 4  
9 

10 
13 
1 6  
14 
13  
15 
1 

11 
8 

11 

2 1  
2 5  
2 6  
22 
2 9  
2 0  
26  
22 
17 
23 
32 
19 
25 
32 
1 

24 
8 

1 9  

1 9  
38 
32 
2 4  
38 
15 
2 1  
13 
26 
26 
28 
26 
28 
30 

40 
4 

2 1  

** 

0 
0 
5 
8 
0 
0 
0 
0 
4 

15 
0 
5 

10 
0 
0 
2 
0 
4 

CSG 
G 
G 
CG 
G 
VCSG 
SG 
VCSG 
G 
G 
G 
G 
G 
CG 
cs 
G 
CPS 
CG 

GLACIOLACUSTRINE  DEPOSITS 
25 sw 20 4.0 1 . 3  1.0 30 68 1 ** ** 1 0 vc s 
35 NW 298  4.1  9.2 24 64 11 1 ** ** 0 vcs 
35 sw 9 3 .1  9.5 36  48 1 4  2 0 0 0 vc s 
Mean 3.7  6.7  29  62 8 1 ** ** 0 vc s 

* I n c l u d e s  4.0m o f   p o t e n t i a l l y   w o r k a b l e   g l a c i o l a c u s t r i n e   d e p o s i t s  

Sta t i s t ica l   assessment  of glac ia l  sand and gravel and 

Area   o f   exposed   mine ra l  9. 9km2 
Area of c o n t i n u o u s   o r   a l m o s t   c o n t i n u o u s  

sp reads   o f   mine ra l   benea th   ove rburden  0. 3km3 
T o t a l  area o f   m i n e r a l  10. lkm2 
Area of  worked  ground 0. 4km2 
Mean t h i c k n e s s  of overburden  0.5m 
Mean t h i c k n e s s  of m i n e r a l  4.4m 
Es t imated   vo lume  of   minera l  45 million m 233% o r  1 5  m i l l i o n  m 3  
Es t ima ted   y i e ld   o f   s and   and   g rave l   pe r  

a 1 luv ia l   f an   depos i t s  

3 

h e c t a r e  44 thousand m + 3 3 %   o r  1 5  thousand m 3  3 

proved 4.4m of ' very   c layey '  sandy  gravel 
o v e r l y i n g   t h i c k  till, s u g g e s t i n g   t h a t   t h e   d e p o s i t s  
on t h e   v a l l e y   s i d e s   a r e   t h i n   a n d   p a t c h y   a n d   t h a t  
i n   t h e   c e n t r a l   p a r t   t h e y   f i l l  a p r e - e x i s t i n g  
s t e e p - s i d e d   v a l l e y .   E x t r a c t i o n  of   sand   and   grave l  
i s  c u r r e n t l y   t a k i n g   p l a c e  a t  Cowiesl inn  and  Ship 
Horns;   sand  and  gravel  was won from a p i t   a t  
Ne the r   Fa l l a ,   wh ich  i s  now b e i n g   i n f i l l e d   w i t h  
d o m e s t i c   r e f u s e .   O v e r b u r d e n   i n   t h i s   a r e a  i s  
g e n e r a l l y   t h i n ,   b o r e h o l e  25 SW 16 ,  which  proved 
3.0m of f i l l  a n d   s o l i f l u c t e d   d e p o s i t s ,   b e i n g  
except iona l .   Only   one   borehole ,   25  SW 20, which 
p e n e t r a t e d  1.0m of s i l t ,  p r o v e d   w a s t e   w i t h i n   t h e  
mine ra l -bea r ing   s equence .  

I n   t h e   c e n t r a l   p a r t  of t h e   b l o c k ,   g l a c i a l  
s and   and   g rave l   c rops   ou t  as mounds and   e ske r - l i ke  
r i d g e s .   T h e s e  are f r e q u e n t l y   p a r t i a l l y   o v e r l a i n  
by   pea t   and   t h in   a l luv ium,   and  are a l s o   e l o n g a t e d  
t o   t h e   n o r t h - e a s t .   D r a i n a g e   c h a n n e l s   a l s o   g r a d e  
i n   t h i s   d i r e c t i o n   i n d i c a t i n g   t h a t   t h e   s o u r c e  of 
sed iment  was t o   t h e   s o u t h - w e s t .  Moundy , 
m o r a i n e - l i k e   d e p o s i t s   e x i s t ,   f o r   e x a m p l e ,   a r o u n d  

b o r e h o l e  35 SW 5,  which  proved 2.2m of ' c layeg'  
sandy gravel ,  b u t   b e c a u s e   o f   t h e   u n c e r t a i n   n a t u r e  
o f  i t s  g r a d i n g   t h i s   d e p o s i t  has been  excluded  from 
the   a s ses smen t .   Boreho le  25 SE 2 proved  only a 
t h i n   v e n e e r   o f   s a n d y   b o u l d e r   c l a y   o v e r l y i n g  
b e d r o c k .   O t h e r   s a m p l e   p o i n t s   i n   t h e   v i c i n i t y  
e n c o u n t e r e d   c h i e f l y   g r a v e l s ,   w h i c h   r a n g e d   i n  
th i ckness   f rom 1.0m i n   p i t  25 SE 6 t o  7.lm i n  
bo reho le   35  SW 6. The   cobble   conten t   ranged   up   to  
1 5   p e r   c e n t   i n   b o r e h o l e   2 5  SE 1. Borehole  35 SW 9 
proved 7.0m of d e p o s i t s   r a n g i n g   f r o m  ' d a y e y '  
sandy  gravel a t  t h e   t o p   t o  'very  clayey'  and 
pebbly sand below.   These   over l ie  a p a r t i n g  of 
s i l t  and 3. l m  of ' very   c tayey '  sand  both  of  which 
a r e   c l a s s i f i e d  as g l a c i o l a c u s t r i n e   d e p o s i t s -  
Mineral   was  proved  beneath 1 . O m  o f   a l l u v i a l  
o v e r b u r d e n   i n   b o r e h o l e   2 5  SE 3.   Al luvium, 
g e n e r a l l y   o v e r l y i n g .  till, i s  t h o u g h t   t o   b e   n o t  
P o t e n t i a l l y   w o r k a b l e ,  o r ,  a t   b e s t ,   t o   c o n t a i n   o n l y  
t h i n ,   d i s c o n t i n u o u s   p a t c h e s  o f  s and   and   g rave l -  
Overburden  ranges  f rom 0.1 t o  1.0m a n d   u s u a l l y  
c o m p r i s e s   c l a y   a n d   s o i l .  
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On t h e   a v a i l a b l e   e v i d e n c e ,   m o s t   d e p o s i t s   i n  
t h i s   c e n t r a l  area could   be   worked   dry ,   wi th   the  
excep t ion   o f   t hose   a round   bo reho le  25 SE 3,  where 
water was s t r u c k  a t  3m below  the  ground  surface.  
I n   b o r e h o l e  25 SE 5, water was s t r u c k   i n  a g r a v e l  
seam i n   t h e   u n d e r l y i n g  till, s o ,  u n l e s s   s u c h  
d e e p e r   d e p o s i t s  were a l s o  worked, water shou ld  n o t  
be a problem. 

In t h e   n o r t h - e a s t  of t h e   b l o c k ,   b o r e h o l e   3 5  
NW 298  proved 8.0m o f   g l a c i a l   s a n d   a n d   g r a v e l ,  
which  graded as 'c2ayey' sand w i t h  rare seams of .  
g r a v e l .   T h i s  was u n d e r l a i n  by 1.0m of  s i l t  and 
4.lm  of ' very   c layey '  sand c l a s s i f i e d  as 
g l a c i o l a c u s t r i n e   d e p o s i t s .   M i n e r a l   h e r e a b o u t s  
o c c u r s   i n  mounds a n d   r i d g e s ,   a n d   f i e l d  
o b s e r v a t i o n s   a n d   a n c i l l a r y   b o r e h o l e   i n f o r m a t i o n  
s u g g e s t   t h a t  i t  is  th ick   and   predominant ly   sandy.  
Overburden i s  t h i n   a n d ,  on the   ev idence   o f   35  NW 
298 ,   t he   depos i t s   cou ld  be  worked  dry.   In   this  
area, till u n d e r l y i n g   g l a c i o l a c u s t r i n e   d e p o s i t s  
c o n t a i n s  seams of sand  and  gravel   which  grade as 
m i n e r a l   b u t   h a v e   n o t   b e e n   i n c l u d e d   i n   t h e  
a s ses smen t .  

A long   t he   sou th -eas t e rn   b lock   boundary ,   f i e ld  
i n s p e c t i o n   s u g g e s t s   t h a t   d e p o s i t s  mapped as  
g l a c i a l   s a n d   a n d   g r a v e l   a n d   a l l u v i a l   f a n s   a l o n g  
the   Moorfoot  Hills sca rp   con ta in   s and   and   angu la r  
greywacke   grave l .   These   a reas   have   been   inc luded  
i n   t h e   a s s e s s m e n t   a l t h o u g h   t h e y  were n o t  
i n v e s t i g a t e d   w i t h   b o r e h o l e s   o r   p i t s -  

F o r   t h e   b l o c k  as a who le ,   t he   mine ra l   bea r ing  
a r e a  i s  10.lkm2.  The mean g rad ing   o f   t he  
g l a c i a l   s a n d   a n d   g r a v e l  i s  f i n e s  11 p e r   c e n t ,   s a n d  
45 p e r   c e n t ,   a n d   g r a v e l  44 p e r   c e n t   ( i n c l u d i n g  4 
p e r   c e n t   c o b b l e s ) ,   a n d   t h e  mean t h i c k n e s s  is 
4.4m. F u r t h e r   i n f o r m a t i o n  i s  g i v e n   i n   T a b l e  1 2  
and   F igure   13 .  

BZock E 
T h e   b l o c k   i n c l u d e s   t h e   p a t c h y   d e p o s i t s   o f   s a n d   a n d  
g r a v e l   a r o u n d   t h e   v i l l a g e s  of  Temple  and 
Car r ing ton .  The area i s  g e n t l y   u n d u l a t i n g ,   r i s i n g  
gradual ly   southwards   towards   the   Moorfoot  Hills, 
and i s  d i s s e c t e d  by t h e   d e e p l y   i n c i s e d   v a l l e y s   o f  
t h e   R i v e r   S o u t h  Esk  and i t s  t r i b u t a r i e s ,   t h e  
Reds ide   and   Cas t l e ton   bu rns .  

Bedrock is l o c a l l y   e x p o s e d   i n   t h e   v a l l e y  
f l o o r s   a n d   f o r m s  some h i l l o c k s ,   b u t   g e n e r a l l y  i t  
is  b u r i e d  by a s t i f f  lodgement till composed  of 
s t o n y   c l a y   w h i c h   p r o v e d   d l f f i c u l t   t o   d r i l l :   o n l y  
f o u r  I M A U  b o r e h o l e s   i n   t h e   b l o c k   b o t t o m e d   t h e  
depos i t .   The  til1 v a r i e s   i n   c o l o u r   f r o m   s h a d e s  of 
brown t o   r e d d i s h  brown, g r e y i s h  brown  and  dark 
y e l l o w i s h  brown, l o c a l l y   c h a n g i n g   f r o m   r e d d i s h  
brown t o  a greyish  yellow-brown  with  depth.   The 
t h i c k n e s s   o f   t h e   d e p o s i t   p r o v e d   i n   b o r e h o l e s  
ranged  from 1.4m i n   b o r e h o l e  35 NW 296 t o   i n  
excess   o f  11.8m i n   b o r e h o l e   3 5  NW 292 ,   bu t   u sua l ly  
exceeded 5.0m. The t h i c k e s t   d e p o s i t s  of till were 
found   t o   t he   sou th   o f   Yorks ton   and   be tween  
Car r ing ton   and  Temple. A t  F u l l a r t o n  L280 5701,  
t he   uppe rmos t  1.8m of till i n   b o r e h o l e  25 NE 140 
g raded  as m i n e r a l   t h o u g h   t h i s   h a s   n o t   b e e n  
c o n s i d e r e d   i n   t h e   a s s e s s m e n t  of r e s o u r c e s .  
B o r e h o l e s  25 NE 139  and  35 SW 8 d e m o n s t r a t e d   t h a t  
t h e   g l a c i a l  meltwater d e p o s i t s   o v e r l y i n g   t h e   b a s a l  
till i n c l u d e  a t h i n  bed  of till. Around 
Carr ington,   Temple  and  Yorkston a till, probab ly  a 
s o l i f l u x i o n   d e p o s i t ,   i n   p l a c e s   o v e r l i e s  
p o t e n t i a l l y   w o r k a b l e   s a n d   a n d   g r a v e l   d e p o s i t s .  It 
v a r i e d   i n   t h i c k n e s s   f r o m   0 . 3   t o  2.3m i n   p i t  35 NW 
293  and   borehole   35  NW 2 9 0   r e s p e c t i v e l y ,   a n d  i s  
c o n s i d e r e d   n o n - m i n e r a l   o w i n g   t o   e x c e s s i v e   f i n e s  
c o n t e n t .  

E x c e p t   f o r   t h e   m i n e r a l  till proved a t  one 
sample   po in t ,  a l l  t h e   p o t e n t i a l l y   w o r k a b l e  
material i n   t h e   b l o c k  i s  i n   t h e   g l a c i a l  meltwater 

depos i t s .   The   resource   p redominant ly   compr ises  
f l u v i o g l a c i a l   s a n d   a n d   g r a v e l   w h i c h   g e n e r a l l y  
f o r m s   f l a t t i s h   s p r e a d s ;   g l a c i a l   s a n d   a n d   g r a v e l  
forms   r idges   and  mounds.  The pa tchy   na tu re  of t h e  
d e p o s i t s   s u g g e s t s   t h a t   t h e y  were depos i t ed   f rom 
g l a c i a l  meltwaters f lowing   a round  decaying  masses 
of ice,  t h e   d i r e c t i o n   o f   f l o w   b e i n g   i n  a no r th -  
e a s t e r l y   d i r e c t i o n  away from ice s h e e t s   i n   t h e  
Southern  Uplands  and  Moorfoot  Hills. 

Around C a r r i n g t o n  a number  of i s o l a t e d  
p a t c h e s  of f l u v i o g l a c i a l   s a n d   a n d   g r a v e l   o v e r l i e  
till. A t  W h i t e h i l l  Aisle l 3 2 2   6 1 2 1  a boreho le  
d e m o n s t r a t e d   s i l t y   s a n d   w i t h   g r a v e l   t o  a depth  of  
7.8m on till. Elsewhere  sand  and  gravel  was no ted  
i n   s c r a p e s   a n d  small s e c t i o n s .   A d d i t i o n a l l y ,   t o  
t h e   s o u t h   o f   C a r r i n g t o n   b o r e h o l e   3 5  NW 289 proved 
3.4m of 'clayey'  grave2 bur i ed   benea th  2 . l m  of 
f l o w  till and  overlying  what  was t h o u g h t   t o   b e  a 
b a s a l  t ill .  Boreho le   r eco rds   he ld  by IGS a l s o  
i n d i c a t e   t h e   p r e s e n c e   o f   b u r i e d   s a n d   a n d   g r a v e l  
d e p o s i t s   t o   t h e  west and  south-west   of   Carr ington,  
w h e r e   t h e   t h i c k n e s s   o f   m i n e r a l   d o e s   n o t   g e n e r a l l y  
exceed 3.0m, but  11.3m was p r o v e d   i n  a b o r e h o l e  
nea r   Reds ide  l 3 0 6  5941. Overburden i s  u p   t o  7.0m 
t h i c k   b u t   g e n e r a l l y  i s  less t h a n  2.0m. A f low 
till was a l s o   p r o v e d  a t  t h e   s u r f a c e  by b o r e h o l e s  
35 NW 290  and  35 NW 294 near  Braidwood l 3 1 1  5871 
and a t  A r n i s t o n  C326 5951, r e s p e c t i v e l y .  A t  t h e  
fo rmer  s i t e  t h e  till o v e r l a y  0.8m of sand  and 
g r a v e l ,   b u t  a t  t h e  l a t t e r  l o c a l i t y  5.5m of 
minera l ,   which   became  f iner   g ra ined   wi th   depth ,  
was encoun te red   benea th  1.6m  of t i l l  overburden.  
O the r   bo reho les   a round   Arn i s ton   pene t r a t ed   g rave l ,  
which  passed  downwards  into  sand  beneath a t h i n  
t i l l  overburden:  a maximum th i ckness   o f  8.6m of  
m i n e r a l  was proved. Areas of   buried  sand  and 
g rave l   a round   Arn i s ton   and   sou th   o f   Ca r r ing ton  
have   been   de l inea ted  by i n f e r r e d   b o u n d a r i e s  on t h e  
r e s o u r c e  map. Around  Temple  spreads  of 
f l u v i o g l a c i a l   s e d i m e n t   o v e r l i e  till benea th   which ,  
a c c o r d i n g   t o   b o r e h o l e   i n f o r m a t i o n ,   s a n d   a n d   g r a v e l  
i s  a b s e n t .  The m i n e r a l   d e p o s i t s   h e r e a b o u t s  are 
g e n e r a l l y   t h i n   a n d   b o r e h o l e s   d e m o n s t r a t e d  till a t  
t h e   s u r f a c e   w i t h i n   t h e  areas of mapped f l u v i o -  
g l a c i a l   d e p o s i t s   n e a r   B r a i d w o o d   a n d  Crow Wood 
l 33 -2  5891. To t h e  west of t h e   R i v e r   S o u t h  Esk t h e  
a v a i l a b l e   e v i d e n c e   s u g g e s t s   t h a t   s a n d   a n d   g r a v e l  
i s  t h i n n e r   t h a n   t o   t h e  east. Near Rosebery 
L305 5741 borehole   35  NW 287 and p i t  35 NW 288 
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Figure 14 G r a d i n g   c h a r a c t e r i s t i c s   o f   r e s o u r c e s   i n  
t h e   f l u v i o g l a c i a l   a n d   g l a c i a l   s a n d  and g rave l   o f  
block E; f o r   e x p l a n a t i o n  see F i g u r e  4 
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Table 13 Block  E: Data f rom  sample   po in ts   and   the   assessment  of r e s o u r c e s  

Sample   po in t   Recorded   th ickness  Mean g r a d i n g   p e r c e n t a g e  
D e s c r i p t i v e  
c a t e g o r y  

B o r e h o l e   T o t a l   D e p t h   I n t e r -   F i n e s   F i n e  Medium Coar se   F ine   Coar se   Cobb les   ( s ee   t he  
o r   p i t   m i n e r a l  of v e n i n g   s a n d   s a n d   s a n d   g r a v e l   g r a v e l   a n d   d i a g r a m  

b u r i a l  waste -k, +& +% +1 +4 +16 b o u l d e r s  in Appendix 
m m m mm -hum -1 mm -4 mm -16 mm -64 mm +64 mm C) 
--------- 

FLUVIOGLACIAL AND GLACIAL SAND AND GRAVEL 
25 NE 137  17.9  0.2 11 25  24   12   15  12  1 CSG 
25 NE 139  7.9 0.2 2.9 14  30  17 11 1 4  11 3 VCSG 
25 NE 140  6.4  0.3 18 28 1 4  8 18 11 3 CSG 
25 NE 141 1.9  0.3 22 24 1 5  9 1 5   1 5  0 VCSG 
35 NW 287  2.3 0.8 26  39 18 4 6 7 0 VCPS 
35 NW 289  3.4  2.3 10 7 10 11 25 33 4 CG 
35  NW 292 1.6  0.3  21  24  16 7 1 4   1 2  6 VC SG 
35 NW 293 1.4+ 0.7 1 6  32 20 6 11 1 5  0 CSG 
3 5  NW 294  5.5  1.9 8 6 20  19  21  24 2 G 
35 NW 295 1.3 0.3 4 4 13 15 23  30 11 G 
35  NW 297  8.4  0.4 8 7 20   14   25   20  6 G 
35 SW 8 4.3  0.2  3.4  21  25  15 8 13 14 4 VCSG 
Mean 5.2  0.7 13  22  19 11 1 7   1 5  3 CSG 

Sta t i s t ica l   assessment  of f luvioglacial  and g lac ia l  

Area of  exposed  mineral  7.  lkm2 
Area of c o n t i n u o u s   o r   a l m o s t   c o n t i n u o u s  

, s p r e a d s  of m i n e r a l   b e n e a t h   o v e r b u r d e n  2. lkm2 
T o t a l  area of minera l   9 .  lkm2 
Area of  worked  ground (0.1 km2 
Mean th i ckness   o f   ove rburden  0.7m 
Mean t h i c k n e s s  of m i n e r a l  5.2m 
Es t imated   vo lume  of   minera l  47 million m +61% o r  2 9   m i l l i o n  m 3  
Es t ima ted   y i e ld   o f   s and   and   g rave l   pe r  

sand and gram1 

3 

52 thousand m +61% o r   3 2   t h o u s a n d  m3 3 
h e c t a r e  

proved 2.3m and 0.4m r e s p e c t i v e l y   o f   s a n d   w i t h  
g rave l   and   bo reho le   25  NE 141, i n   S t e e l f o o t   S t r i p ,  
demons t r a t ed  1.9m o f  'very  clayey'  sandy gravel 
o v e r l y i n g  till. East o f   t h e   r i v e r ,   b o r e h o l e  
r e c o r d s   h e l d  by IGS i n d i c a t e   t h e   s a n d   a n d   g r a v e l  
a t  Temple  School L327 5 8 6 1   t o   b e  4.0m t h i c k  on 
b e d r o c k ,   w h e r e a s   t o   t h e  east of Temple  Farm 
C322 5801  minera l  was p r o v e d   t o   d e p t h s  of between 
2.7  and  11.3m, o v e r l y i n g   b a s a l  till. A t  Rylaw 
Knowe c33U 5861  sand  i s  r e p o r t e d   t o   h a v e   b e e n  
worked,   though  no  data  are a v a i l a b l e  on t h e  
t h i c k n e s s   o r   g r a d e   o f   t h e   d e p o s i t .   I n   t h e   g l a c i a l  
d r a i n a g e   c h a n n e l   t o   t h e   n o r t h   o f  Crow Wood a 2.4-m 
s u r f a c e   d e p o s i t   o f   p e a t   o v e r l i e s  6.5m of sand  and 
grave l   on   bedrock .   Nor th   o f   Outers ton  L330  5701 
f l u v i o g l a c i a l   s a n d   a n d   g r a v e l ,  8.4m t h i c k ,  rests 
on till, b u t   t o   t h e   s o u t h  of t h e   f a r m   t h e   d e p o s i t s  
are  t h o u g h t   t o   b e   t h i n   b e c a u s e   p i t   3 5  NW 295 
r e v e a l e d   o n l y  1.3m of gravel o v e r l y i n g  till. 

Around  Yorkston a s u r f a c e   d e p o s i t  of r e d d i s h  
brown till, similar t o   t h a t   a r o u n d   A r n i s t o n ,  i s  
p resen t   and  may c o n c e a l  some sand   and   grave l .  
North of t he   f a rm  mine ra l   has   no t   been  
i d e n t i f i e d .   B o r e h o l e   3 5  NW 291  demonst ra ted  0.7m 
of f l u v i o g l a c i a l   s a n d   a n d   g r a v e l   b e t w e e n   t h e  
s u r f a c e  till and a b a s a l  till, b u t   t o   t h e  east a 
bo reho le  c3197 56601  recorded  5.2m of   sand  and 
g rave l   be tween   t he  two t i l l s .  Near Howburn 
[ 3 0 9   5 5 2 1 ,  p i t  35 NW 293   p roved   t he   su r f ace  
d e p o s i t  of till, t o  a dep th  of 0.7m, o v e r l y i n g  
sand  and  gravel   which was not   bot tomed a t  2.lm. 
Due t o   t h e   l i m i t e d  n u m b e r   o f   s a m p l e   p o i n t s   i n   t h i s  
area, t h e   e x t e n t   a n d   t h i c k n e s s  of t h e   b u r i e d   s a n d  
a n d   g r a v e l  i s  n o t   s u f f i c i e n t l y  well known t o  be 

d e l i n e a t e d  on t h e   r e s o u r c e  map. The re  i s  a l so  
l i t t l e  i n f o r m a t i o n   c o n c e r n i n g   t h e   t h i c k n e s s   a n d  
compos i t ion  of t h e   e x p o s e d   f l u v i o g l a c i a l   d e p o s i t s  
a round   Yorks ton .   In   t he  hummocky ground  south  of 
the   fa rm,   borehole   35  NW 292  proved  only 1.6m of 
sand   and   g rave l   ove r ly ing   wha t  was t h o u g h t   t o   b e  a 
Fasal till. F a r t h e r   s o u t h ,   n e a r   R l a c k b u r n   S t r i p ,  
borehole   35  SW 8 p e n e t r a t e d  4.3m of   minera l  
c o n t a i n i n g  two beds of f low till t o t a l l i n g  3.4m i n  
t h i c k n e s s .  No o t h e r   q u a n t i t a t i v e   d a t a  are 
a v a i l a b l e  o n   t h e   s a n d   a n d   g r a v e l   d e p o s i t s   i n   t h e  
a r e a ,   b u t   o b s e r v a t i o n s   o f   g l a c i g e n i c   f e a t u r e s  
s u g g e s t   t h a t   t h e   s e d i m e n t s  may i n   p l a c e s  be  more 
t h i c k l y   d e v e l o p e d   t h a n   t h o s e   p e n e t r a t e d  by t h e  
IMAU b o r e h o l e s ,   f o r   e x a m p l e   i n   t h e  mounds a t  
C317 5581  and C306  5561.  An area   a round  Smi thy  
S t r i p  C29  571 shown  on t h e   r e s o u r c e  map, where 
s a n d   a n d   g r a v e l   d e p o s i t s  are bur i ed   benea th  till, 
may be  more o r  less e x t e n s i v e   t h a n   i n d i c a t e d .   I n  
t h e   c e n t r a l   a n d   e a s t e r n   p a r t s   o f   t h e  area m i n e r a l  
up t o  4.lm i n   t h i c k n e s s  i s  b u r i e d   b e n e a t h   u p   t o  
3.lm of till, b u t   i n   t h e  west a borehole   p roved  
2.7m of till on s a n d   a n d   g r a v e l   t o  a depth   o f  
30.5m. The re  i s  a l a c k  of d a t a   o n   t h e   c o m p o s i t i o n  
of t h e   d e p o s i t s .  

The re  are t h i c k   s p r e a d s   o f   s a n d   a n d   g r a v e l  
west of t h e   F u l l a r t o n  Water. I n  a p a t c h  of 
g l a c i a l   s a n d   a n d   g r a v e l   n e a r   A n k r i e l a w  [270 5811, 
b o r e h o l e  25 NE 137  proved 17.9111 of p o t e n t i a l l y  
workable  matsrial o v e r l y i n g  till, and a r eco rd  of 
a n  ear l ie r  b o r e h o l e   d r i l l e d   i n   t h e   v i c i n i t y  
i n d i c a t e s   t h a t   m i n e r a l  was not  bottomed a t  a d e p t h  
of 19.2m. A t  F u l l a r t o n ,   b o r e h o l e   2 5  NE 140 
p e n e t r a t e d  6.4m of f l u v i o g l a c i a l   s a n d   a n d   g r a v e l  
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o v e r l y i n g  till of   which  the  uppermost  1.8m are  
rega rded  as p o t e n t i a l l y   w o r k a b l e :   a b o u t  200m t o  
t h e   n o r t h  a b o r e h o l e   n e a r   C a u l d h a l l  LZ85 5801 i n  
t h e  same d e p o s i t  i s  r e p o r t e d   t o   h a v e   p r o v e d   s a n d  
a n d   g r a v e l   t o  a depth  of  12.8m. I n   b o r e h o l e  25 NE 
1 3 9 ,   f l u v i o g l a c i a l   s e d i m e n t s  7.6m t h i c k   i n c l u d e d  
1.0m of lamina ted   sandy s i l t  g r a d i n g  as non- 
mine ra l .  The u n d e r l y i n g  t i l l  c o n t a i n e d  a 1.3-m 
seam of g l a c i a l   s a n d   a n d   g r a v e l   g r a d i n g  as 
gravel.  S i m i l a r   g l a c i a l  -meltwater sed imen t s  were 
r e c o r d e d   i n   t h e   b o r e h o l e s  a t  F u l l a r t o n   a n d  
Ankrielaw  between two d e p o s i t s  of till but  were 
n o t   t h i c k   e n o u g h   t o   b e   c l a s s i f i e d  as p o t e n t i a l l y  
w o r k a b l e   u s i n g   t h e  c r i te r ia  a d o p t e d   f o r   t h i s  
r e p o r t .  

Groundwater was n o t   e n c o u n t e r e d   i n   t h e  
p o t e n t i a l l y   w o r k a b l e   d e p o s i t s   i n   e i g h t  of t h e  
t h i r t e e n  IMAU s a m p l e   p o i n t s   t h a t   p r o v e d   m i n e r a l   i n  
t he   b lock :  some 8 2   p e r   c e n t   o f   t h e   p o t e n t i a l l y  
workable   sand  and  gravel   sampled  lay  above  the 
water t a b l e .  

Some of t h e   s a n d   a n d   g r a v e l   t o   t h e   e a s t   o f  
Temple has  been  removed i n   t h e   c o u r s e  of opencas t  
coa l   work ing   bu t   t he re   has   been  no commercial  
e x p l o i t a t i o n  as s u c h   o f   t h e   r e s o u r c e s   i n   t h e  
b lock .   Fu r the r   i n fo rma t ion   on   t h i ckness   and  
g r a d i n g  i s  p r e s e n t e d   i n   T a b l e   1 3   a n d   F i g u r e   1 4 .  

Block F 
The  b lock   has  a t o t a l  area of  35.8km2,  of  which 
8.8km2 cons i s t   o f   exposed   mine ra l .   The  
remainder  -is made up  of  areas of   c ropping   bedrock ,  
made ground,   barren  ground  and small areas of 
concea led  material. The   undula t ing   ground 
i n c l u d e d   i n   t h e   b l o c k   f a l l s   f r o m   a b o u t  250m above 
OD i n   t h e   s o u t h - w e s t ,   a r o u n d   H a l k e r s t o n  L347 5831 
t o   a b o u t  90m above OD i n   t h e   v a l l e y  of   the  Tyne 
Water i n   t h e   n o r t h .  It i s  d e e p l y   d i s s e c t e d  by t h e  
Tyne Water and   t he   uppe r   r eaches   o f   t he   Gore  
Water, t o g e t h e r   w i t h   t h e i r   t r i b u t a r i e s ;  
a d d i t i o n a l l y ,   g l a c i a l   d r a i n a g e   c h a n n e l s ,  
f r e q u e n t l y   d r y ,   i n d i c a t e   f o r m e r  water c o u r s e s .  

I n  t h i s   b l o c k   f l u v i o g l a c i a l   s a n d   a n d   g r a v e l ,  
g l a c i a l   s a n d   a n d   g r a v e l   a n d   g l a c i o l a c u s t r i n e  
d e p o s i t s  are p o t e n t i a l l y   w o r k a b l e ;   i n   a d d i t i o n ,  
p o t e n t i a l l y   w o r k a b l e   s a n d   a n d   g r a v e l   u n d e r l i e s  
till which i t s e l f  is l o c a l l y   m i n e r a l .   T h e  
till a n d   g l a c i o l a c u s t r i n e   d e p o s i t s   h a v e   n o t   b e e n  
a s ses sed .   The   a l luv ium  o f   t he   Tyne  Water and 
upper   reaches   o f   Gore  Water is  t h o u g h t   t o   b e   t h i n  
and was n o t   i n v e s t i g a t e d  by IMAU bo reho les .  

C l a y   o v e r l i e s   s a n d   a n d   g r a v e l   o f   v a r i a b l e  
t h i c k n e s s   o v e r  small  areas nor th   o f   Me lv in  
Hall L396 6851, around  Vogr ie  L369 6291, Bells 
Mains L345 6041  and  Halkers ton.  Some of t h e s e  
b u r i e d   d e p o s i t s  may c o r r e l a t e   w i t h   t h o s e  mapped a t  
t h e   s u r f a c e   n e a r b y .  A l a r g e  area of  exposed till 
east of Cr ich ton   Mains  L389 6201 was p roved   t o   be  
g e n e r a l l y   b a r r e n .  

The c h i e f   m i n e r a l - b e a r i n g   d e p o s i t  i s  t h e  
f l u v i o g l a c i a l   s a n d   a n d   g r a v e l   w h i c h   f o r m s  
e x t e n s i v e ,   d e e p l y   d i s s e c t e d   t e r r a c e - l i k e   s p r e a d s  
and  low mounds a n d   r i d g e s   a l o n g   t h e   c e n t r a l   a x i s  
of   the  block.   Borehole   36 NE 306  proved 2.8m 
of 'very  clayey'  pebbly sand and  36 SE 524, 2.2m 
of  gravel.  T h e   d e p o s i t s   i n c r e a s e   i n   t h i c k n e s s   a n d  
f ines   con ten t   sou thwards   t owards   Bor thwick ,   and  
va ry  i n  t h i c k n e s s   f r o m  4.7m t o   1 2 . 5 1 ~   i n   b o r e h o l e s  
36 SE 520  and  36 SE 523 ,   r e spec t ive ly .  I n  t h e  
s o u t h   f l u v i o g l a c i a l   d e p o s i t s  are more v a r i a b l e   i n  
g r a d i n g ,   g e n e r a l l y   t h i c k e r ,   a n d  a t  a h i g h e r  
e l e v a t i o n   t h a n   e l s e w h e r e .  A s  may be  seen  f rom 
s e c t i o n  C-CI o n   t h e   r e s o u r c e   nap, t h e y   g e n e r a l l y  
o v e r l i e   g l a c i o l a c u s t r i n e   d e p o s i t s   w h i c h ,   e x c e p t   i n  
t h e   b a s a l   p a r t s   o f   b o r e h o l e   3 5  SE 520,   have  not  
been   p roved   e l sewhere   i n   t he   b lock .  The r e s o u r c e  
t e n d s   t o   c o m p r i s e  gravel and sandy gravel ,  p a r t l y  
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Figure 15 G r a d i n g   c h a r a c t e r i s t i c s  of  r e s o u r c e s   i n  
t h e   f l u v i o g l a c i a l   a n d   g l a c i a l   s a n d   a n d   g r a v e l  of 
block F;  f o r   e x p l a n a t i o n   s e e   F i g u r e  4 

'c layey '  i n   t h e   u p p e r   p a r t ,   f o r   e x a m p l e   i n  
bo reho les   35  NW 299,  35 NE 28,  29,  30  and  31, 
whereas  ' e  lay ey ' , 'very  clayey'  and pebbly 
sand o c c u r   i n   t h e   b a s a l   p a r t s   o f ,   f o r   e x a m p l e ,  
bo reho les   35  NE 28,   29  and  30,   a l though  the 
d e p o s i t s   i n   3 5  NE 27 c o n s i s t   a l m o s t   e n t i r e l y  
of 'clayey'  sand. T h e   d e p o s i t s   r a n g e   i n   t h i c k n e s s  
from 1.7m i n   b o r e h o l e   3 5  NW 299  up t o   1 3 . 8 ~ 1   i n  
b o r e h o l e  35 NE 29. Waste p a r t i n g s  were p r o v e d   i n  
on ly  two b o r e h o l e s ;  3.0m of  sandy si l t  and 7 . h  of  
s i l t  a n d   c l a y   s e p a r a t e d   f l u v i o g l a c i a l   d e p o s i t s   i n  
b o r e h o l e s  35 NE 29  and  36 SE 5 2 0 ,   r e s p e c t i v e l y -  
A d d i t i o n a l l y ,   t h e   m i n e r a l   d e p o s i t s   i n   b o r e h o l e   3 5  
NE 28 l i e  benea th   overburden  4.0m t h i c k ;   t h e  
bu r i ed   ' s and   and   g rave l  may c o r r e l a t e   w i t h  similar 
d e p o s i t s   f u r t h e r  west, as i n d i c a t e d  on t h e  
r e s o u r c e  map. 

The   r e source  of s e c o n d a r y   s i g n i f i c a n c e  i s  
g l a c i a l   s a n d   a n d   g r a v e l ,   w h i c h ,   a p a r t   f r o m  6.5m of  
g rave l   p roved  i n  b o r e h o l e  36 NE 3 0 7 ,   o c c u r s   i n  
p a t c h e s   f r i n g i n g   t h e   f l u v i o g l a c i a l   d e p o s i t s   a n d  
g e n e r a l l y   b u r i e d   b e n e a t h   o v e r b u r d e n ,   f o r   e x a m p l e  
i n   b o r e h o l e  36 SE 520,  where pebbly sand 2.3m 
t h i c k  was proved   benea th  5.2m of till, f l u v i o -  
g l a c i a l   a n d   g l a c i o l a c u s t r i n e   d e p o s i t s .   I n  
bo reho le   36  SE 522 seams o f   g r a v e l  are t o o   t h i n   t o  
b e   c l a s s i f i e d  as mine ra l .  

So i l   and   c l ay   ove rburden   r anges   be tween   0 .2  
and 4.0m, f o r   e x a m p l e   i n   b o r e h o l e  36 SE 521  (which 
p e n e t r a t e d   f l u v i o g l a c i a l   s a n d   a n d   g r a v e l   d e p o s i t s )  
2.4m of s o i l   a n d   s t o n y   c l a y  were proved   f rom  the  
s u r f a c e .  

G l a c i o l a c u s t r i n e   d e p o s i t s   d o   n o t   c r o p   o u t ,  
a n d ,   e x c e p t   f o r   t h e   b a s a l   p a r t s  of bo reho le   36  SE 
520,   which  proved 3.0m of  'very  clayey'  sand, are 
c o n f i n e d   t o   t h e  more e l e v a t e d   g r o u n d   i n   t h e   s o u t h  
of t h e   b l o c k   ( s e e   s e c t i o n  C - C l )  where   they  are 
t h o u g h t   t o   b e   r e s p o n s i b l e   f o r  areas o f   l a n d s l i p   i n  
va l l eys   nea r   Bor thwick   and   Nor th   Midd le ton .  
However, areas of t i l l  mapped a l o n g   t h e   v a l l e y  
s i d e s  may well i n c l u d e   t h e  mo,re c l a y e y   p a r t s   o f  
t h e   g l a c i o l a c u s t r i n e   d e p o s i t s .   T h e   p o t e n t i a l l y  
w o r k a b l e   g l a c i o l a c u s t r i n e   d e p o s i t s   c o n s i s t   c h i e f l y  
o f   ve ry   f i ne -g ra ined  ' c layey '  and ' very   c layey '  
sand, p e b b l y   i n   p a r t s ,   a n d   v a r y   i n   t h i c k n e s s   f r o m  
1.2m i n   b o r e h o l e   3 5  NE 30 t o  9.lm i n   b o r e h o l e  
35 NE 27. 

M i n e r a l - b e a r i n g   d e p o s i t s   i n   t h i s   b l o c k   c o u l d  
be  worked  dry  because of g e n e r a l l y  low  groundwater 
l e v e l s ,   e s p e c i a l l y   i n   t h o s e   b o r e h o l e s   l y i n g  a t  



Table 14 Block   F :  Data f rom  sample   po in t s   and   t he   a s ses smen t   o f   r e sources  

Sample   po in t   Recorded   th ickness  Mean g r a d i n g   p e r c e n t a g e  
D e s c r i p t i v e  
c a t e g o r y  

Boreho le   To ta l   Dep th   In t e r -   F ines   F ine  Medium Coar se   F ine   Coar se   Cobb les   ( s ee   t he  
mine ra l   o f  v e n i n g  sand  sand sand g r a v e l   g r a v e l   a n d  diagram 

m m m mm -%mm -1 mm -4 mm -16 mm -64 mm +64 mm C) 
b u r i a l  waste -k tf., +% +1 +4  +16 b o u l d e r s   i n   A p p e n d i x  

FLUVIOGLACIAL AND GLACIAL SAND AND GRAVEL 
35  NW 299  1.7  0.3  16 
35 NE 27 5.1 0.3 18 
3 5  NE 28 10.0 5.2" 11 
35 NE 29  13.8  0.3  3.0  12 
35  NE 30  3 .0   0 .3  5 
35 NE 31 8.1 0.5 3 
36 NE 306  2.8  0.2 22 
36 NE 307  6.5  0.3 7 
36 SE 520  7.0  0.6  7.6 10 
36 SE 521  3.6  2.4  19 
36 SE 523  12.5  2.0  19 
36 SE 524  2.2  0.4 3 
Mean 6.4 1.1 1 2  

22  17 
42  22 
23  34 
17 18 

7 22 
8 40 

28  24 
12  21 
35  42 
59 9 
47 20 
10 1 3  
26  26 

7 
5 

1 0  
14  
16  
11 
13 
9 
4 
1 
5 

11 
9 

17 
8 

11 
19 
26 
22 

9 
18 

5 
3 
6 

23 
1 3  

2 1  
5 

10  
19 
24 
1 4  

4 
26 

4 
5 
3 

27 
12  

0 
0 
1 
1 
0 
2 
0 
7 
0 
4 
0 

13  
2 

CSG 
CPS 
CSG 
CSG 
G 
SG 
VCPS 
G 
CPS 
c PS 
CPS 
G 
CSG 

GLACIOLACUSTRINE  DEPOSITS 
35 NE 27 9.1  6.7  0.4  16  79 3 1 1 ** 0 CPS 
35  N E  29  2.3  17.1  33  61 4 1 1 0 0 vc s 
35 NE 30  1.2  3.3 32  54 6  2  3  3 0 VCPS 
36 SE 520  3.0  15.2 22 65  12 1 ** 0 0 vc s 
Mean 3.9  10.6  21  76 3 **  ** ** 0 vc s 

* I n c l u d e s  1.2m o f   p o t e n t i a l l y   w o r k a b l e   h e a d  

Sta t i s t ica l   assessment  of f luu ioglac ia l  and g lac ia l  

Area  of  exposed  mineral   8.8km2 
Area   o f   cont inuous   o r   a lmost   cont inuous  

s p r e a d s  of mine ra l   benea th   ove rburden  0. 9km2 
T o t a l   a r e a  of   minera l   9 .  8km2 
Area of worked  ground <O. lkm2 
Mean th i ckness   o f   ove rburden  l . l m  
Mean t h i c k n e s s  of m i n e r a l  6.4m 
Estimated  volume of m i n e r a l  63 million m3 +43% o r  27 m i l l i o n  m 3  
E s t i m a t e d   y i e l d  of  s a n d   a n d   g r a v e l   p e r '  

sand and gravel 

h e c t a r e  64 thousand m +43% o r  28  thousand m3 3 

h i g h   e l e v a t i o n s   i n   t h e   s o u t h .   E x c e p t i o n s  are t h e  
a r e a s  Around b o r e h o l e s   3 5  NE 31, 36 SE 520  and  523 
and 36 NE 306,  where  only  the  upper  few metres 
were dry.  

A t  p r e s e n t   t h e r e   a r e  no working  sand  and 
g r a v e l   p i t s   i n   t h i s   b l o c k ,   a l t h o u g h   n u m e r o u s ,  
small, a b a n d o n e d   e x c a v a t i o n s   t e s t i f y   t o   f o r m e r  
e x t r a c t i o n   f o r   l o c a l   p u r p o s e s .  

F u r t h e r   d e t a i l s  of t h e   p o t e n t i a l l y   w o r k a b l e  
m a t e r i a l  are g i v e n   i n   T a b l e   1 4   a n d   F i g u r e   1 5 .  

HZock I; 
T h e  b lock   compr ises  a l l  of t h e   r e s o u r c e   s h e e t  
o u t s i d e   b l o c k s  A t o   F ,  much of  which i s  upland   and  
moor l and   and   i nc ludes   t he  Roman  Camp Ridge  and  the 
P e n t l a n d   a n d   M o o r f o o t   h i l l s -   P o t e n t i a l l y   w o r k a b l e  
s a n d   a n d   g r a v e l   d e p o s i t s  are s c a t t e r e d   a c r o s s   t h e  
b lock ,   bu t   t hey  are t o o  small, pa t chy   and   d ive r se  
t o  be a s s e s s e d   s t a t i s t i c a l l y .   I n f e r r e d  
a s s e s s m e n t s  are o f f e r e d   f o r   d e p o s i t s   i n   t h r e e  

est imated  volume are g i v e n   i n   T a b l e   1 5 .  
sub-blocks.  Detai ls  o f  mean t h i c k n e s s   a n d  

Sub-block GI The  nor th-wes tern   par t   o f   the   survey  
a r e a  i s  con ta ined   w i th in   t he   sub -b lock   and   bo rde r s  
a l a r g e   b u i l t - u p  area f o r m i n g   p a r t  of s o u t h e r n  

Edinburgh. Much of the   g round i s  upland   and  
i n c l u d e s   t h e   n o r t h e r n   p a r t  of t h e   P e n t l a n d  Hills. 

B e d r o c k   c r o p s   o u t   o v e r  much o f   t h e   h i g h e r  
ground  with till m a n t l i n g   t h e   l o w e r   s l o p e s .  
L o c a l l y  small s p r e a d s   o f   g l a c i a l  meltwater 
d e p o s i t s   o v e r l i e   t h e  till, and streams f l o w i n g  
e a s t w a r d s   f r o m   t h e   P e n t l a n d  Hills h a v e   d e p o s i t e d  
a l l u v i u m   i n   t h e   v a l l e y s  of t h e   B o g h a l l ,   F u l f o r d  
and   Glencorse   burns .  

S m a l l   p a t c h e s   o f   g l a c i a l   s a n d   a n d   g r a v e l  
f l a n k   t h e   s o u t h e r n   s i d e   o f   C a e r k e t t o n  H i l l  
L236 6621: p i t  26 NW 110 proved 0.9m of  ' c layey '  
gravel.  Although a t  t h i s  s i t e  t h e   p r o v e d  
t h i c k n e s s  i s  n o t   s u f f i c i e n t   t o   c l a s s i f y   t h e  
d e p o s i t  as p o t e n t i a l l y   w o r k a b l e ,   g e n e r a l l y   t h e  
sand   and   g rave l  i s  thought   to   be   be tween 1 and 2m 
t h i c k   a n d  i s  shown a s   m i n e r a l  on t h e   r e s o u r c e  
map. S i m i l a r   d e p o s i t s  are p r e s e n t  on t h e   s o u t h e r n  
s l o p e s  of C a s t l e l a w  H i l l  l 2 2 5  6489. P i t  26 SW 8 5  
a t  C a s t l e l a w  L230 6371  demonst ra ted  1.2m Of 

s e d i m e n t   g r a d i n g   a s  'uery  clayey'  sand: t h e   f u l l  
t h i c k n e s s   o f   t h e   d e p o s i t  was not  proved.  Nearby 
g r a v e l  i s  reported  to   have  been  worked  though  no 
d a t a  are a v a i l a b l e  on t h e   t h i c k n e s s   o r   c o m p o s i t i o n  
o f   t h e   d e p o s i t .   P i t  26 SW 93   s ampled   t he   sp read  
of g l a c i a l   s a n d   a n d   g r a v e l   l y i n g   m a i n l y   t o   t h e  
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south   o f  Easter Howgate C242  6411:  ' c layey '  sand 
was not   bot tomed a t  2.0m. A l t h o u g h   t h e   f u l l  
t h i c k n e s s  of m i n e r a l  i s  not  known a t  Castelaw  and 
Easter Howga te ,   t he   s and   and   g rave l   depos i t s  are 
n o t   t h o u g h t   t o   e x c e e d  5m. 

To t h e   e a s t  of   Boghal l  a sp read   o f   f l uv io -  
g l a . c i a 1   s a n d   a n d   g r a v e l   o v e r l i e s  a b a s a l  t i l l .  
Boreho le  26 NW 112   p roved   t he   depos i t s   t o  a dep th  
of 4.3m: the   uppermost  3.2m graded as m i n e r a l  
which  became f i n e r   g r a i n e d   w i t h   d e p t h ,   p a s s i n g  
from ' c layey '  sandy  gravel a t  t h e   s u r f a c e   t o  
lamina ted   sandy si l t  a t   t h e   b a s e .  

T h e   a l l u v i u m   i n   t h e   v a l l e y s  of t h e   B o g h a l l  
and   Glencorse   burns  was not   sampled  but  may be 
p o t e n t i a l l y   w o r k a b l e .  The f i e l d   s u r v e y o r   n o t e d  
g r a v e l l y   s o i l   o v e r l y i n g   t h e   a l l u v i a l   c o n e   w h i c h  
s u r r o u n d s   B o g h a l l .  I n  the   va l ley   o f   Ful ford   Burn  
a t  F u l f o r d  1 2 4 0   6 4 7 1  boreho le  26 SW 90 
d e m o n s t r a t e d   t h e   a l l u v i u m   t o  be 4.3m th i ck   and  
composed  of ' c layey '  sandy gravel r e s t i n g  on a 
s t i f f   b a s a l  till. 

I n  t h e   e a s t e r n   p a r t  of t he   sub -b lock   bo reho le  
26 SE 1 6 0   p e n e t r a t e d  a f low till, similar t o   t h a t  
n e a r   R o s l i n ,   r e s t i n g  on a s t i f f  lodgement t i l l .  
S a n d   a n d   g r a v e l   d e p o s i t s  are n o t   t h o u g h t   t o  
u n d e r l i e   f l o w  t i l l  he reabou t s .  

Owing t o   t h e   l i m i t e d  areal  e x t e n t   o f   t h e  
p o t e n t i a l l y   w o r k a b l e   d e p o s i t s   a n d   t h e   p a u c i t y   o f  
s ample   po in t s ,  a s t a t i s t i ca l  a s ses smen t   o f   t he  
m i n e r a l  i s  n o t   p o s s i b l e   a n d   s e p a r a t e   i n f e r r e d  
a s s e s s m e n t s  are o f f e r e d   f o r   t h e   E a s t e r  Howgate  and 
S h e r i f f h a l l  areas (Table  8).  F u r t h e r   d a t a  on t h e  
s a n d   a n d   g r a v e l   d e p o s i t s  are p r e s e n t e d   i n   T a b l e  
15. 

Sub-block G2 The Roman  Camp Ridge   dominates   the  
s u b - b l o c k ,   w h i c h   a l s o   i n c l u d e s   t h e   v a l l e y   o f   t h e  
River   South  Esk  between  Lothianbridge L326   6491  
and  Gorebridge.  

F l u v i a l   d e p o s i t s  are c o n f i n e d   t o   t h e   v a l l e y s  
of   the   River   Nor th   Esk ,  i t s  t r i b u t a r y   t h e  
Da lhous ie   Burn ,   and   t he   Be l ly fo rd   Burn .   Sma l l  
p a t c h e s   o f   f l u v i o g l a c i a l   s a n d   a n d   g r a v e l   o c c u r  a t  
Da lhous ie  L320  6401,  near   Pres tonholm  House  
L323   6251  and east of  Newtongrange,  but are t o o  
small t o  be   a s ses sed  i n  t h e   c o n t e x t   o f   t h i s  
s u r v e y .   T h e   a l l u v i a l   d e p o s i t s   o c c u r  as well 
developed terraces, up t o   t h r e e   l e v e l s   b e i n g  
r ecogn i sed  i n  t h e   v a l l e y  of t h e   R i v e r   N o r t h  Esk. 
However, borehole   36 SW 252 s i t e d  on t h e   h i g h e s t  
terrace near   Mi l lho lm l 3 2 2   6 3 1 1 ,  proved till a t  
t h e   s u r f a c e .   N e a r b y ,  on a lower terrace, p i t  36 
SW 251 proved 1.4m of sandy,   c layey  s i l t  on 
s a n d s t o n e ,   b u t   g e n e r a l l y   t h e  terraces are 
e r o s i o n a l   f e a t u r e s ,   a n d ,   i f   t h e y   d o   c o n t a i n  
a l l u v i a l   d e p o s i t s ,   t h e  material i s  l i k e l y   t o  be 
non-mineral .   The same may b e   t r u e   f o r   t h e  
a l luv ium  o f   t he   Be l ly fo rd   Burn   a l though  a b o r e h o l e  
1 3 8 0  6901 near  Cousland  Lime Works proved 2.6m of 
p e a t  on 5.4m of   gravel   and  sand.  

B o r e h o l e s   n e a r   D a l k e i t h   C o l l i e r y  c354 6881 
. ' p roved   vary ing   th icknesses   o f   sand ,  mud and   c l ay  
benea th  till, b u t   t h e   d e p o s i t s  are c o n s i d e r e d   t o  
b e   n o t   p o t e n t i a l l y   w o r k a b l e  on account   o f  
e x c e s s i v e   f i n e s   o r   o v e r b u r d e n .  No as ses smen t s  are 
o f f e r e d   f o r   s u b - b l o c k  G2. 

Subblock  G3 With a t o t a l  area of 58. 5km2, 
t h i s   s u b - b l o c k   o c c u p i e s   t h e   p r e d o m i n a n t l y   b a r r e n  
t rac t  o f   g r o u n d   t h a t   s t r e t c h e s   f r o m   n e a r  
Ruddenleys L205 5101, i n  the   sou th -wes t ,   no r th -  
eas twards   towards   Aikendean  1 3 1 9  6181. E i g h t  
b o r e h o l e s   a n d   o n e   p i t   f o r m   t h e   b a s i s  of t h e  
a s ses smen t  of r e sources .   A l though   mine ra l  was 
proved a t  f i v e   s i t e s ,   n o  s t a t i s t i c a l  a s ses smen t  i s  
p o s s i b l e   a n d   i n f e r r e d   a s s e s s m e n t s  are o f f e r e d   f o r  
t h e  Whim L21   531  and  Howgate areas (Tab le  8). 

E x t e n s i v e   a r e a s   o f   t h e   b l o c k   c o n s i s t  of 
s p r e a d s  of p e a t  on till, which i n   t u r n   o v e r l i e s  
bed rock ,   fo r   example ,   t he  areas around  Bl inkbonny 
1213 5131 Auchencorth Moss, Hare Moss and west of 
Mount L o t h i a n  Moss L260 5561. A d d i t i o n a l l y ,   a n  
a rea   i n   t he   no r th   o f   t he   b lock   be tween   Pomathorn  
L243 5921 and  Aikendean was p r o v e d   t o  be b a r r e n  by 
b o r e h o l e s  26 SE 166,  167  and  171,  which  penetrated 
on ly  till. P i t  25 NW 78 proved a seam of sand  and 
g r a v e l   c l a s s i f i e d  as till, b u t   t h i s   h a s   b e e n  
e x c l u d e d   f r o m   t h e   i n f e r r e d   a s s e s s m e n t .  

Three areas of   exposed   minera l  were 
i n v e s t i g a t e d .  I n  the   south-wes t ,   pa tchy  mounds of 
g l a c i a l   s a n d   a n d   g r a v e l ,   a l i g n e d   a p p r o x i m a t e l y  
p a r a l l e l   w i t h   t h e  A701 road ,  were i n v e s t i g a t e d  by 
bo reho les   25  SW 14  and 15, which  proved  8.4  and 
4.2m of g r a v e l ,   r e s p e c t i v e l y .  The g l a c i a l   s a n d  
a n d   g r a v e l   p a t c h e s   h e r e a b o u t s  were formerly  worked 
i n  small p i t s   f o r   l o c a l   p u r p o s e s ,   a n d ,   b e c a u s e  
groundwater  was s t r u c k   i n   o n l y   t h e   b a s a l   p a r t s  of 
bo th   bo reho les ,   t hey   cou ld   be   worked   d ry .   Fa r the r  
n o r t h - e a s t ,   d e p o s i t s   o f   f l u v i o g l a c i a l   s a n d   a n d  
g r a v e l  were i n v e s t i g a t e d  by p i t  25 NW 78  and 
borehole   25  NW 79. The  former  proved 1.3m 
of ' c layey '   gravel ,  t h o u g h t   t o   b e  till, whereas  a t  
t h e  l a t t e r  s i t e  2.4m of w a t e r - s a t u r a t e d  ' c layey '  
sandy  grave2 u n d e r l a y  1.2m of   overburden.  I n  t h i s  
area t h e   f l u v i o g l a c i a l   d e p o s i t s  are t h o u g h t   t o   b e  
t h i n   a n d   t h e y   o v e r l i e  till, bu t   t he   boundary  
between  the two i s  poor ly   def ined .   Consequent ly  
t h e s e   d e p o s i t s  are n o t   a s s e s s e d .  

Boreho les  25 NW 80 and 25 NE 134 were sunk 
i n t o   a n   e x t e n s i v e ,  east-west r i d g e  of g l a c i a l   s a n d  
a n d   g r a v e l   s t r e t c h i n g   f r o m   n e a r   L o c k h a r t  Halls 
Farm 1235 5801 t o   j u s t   s o u t h  of   L i lyburn  1262   5861  
( s e e   S e c t i o n   C - c l ) .  The former  proved 14.4m 
of ' very   c layey '  sand o v e r l y i n g  5.5m of ' c layey '  
and ' very   c layey '  sand. A d d i t i o n a l l y ,  5.4m of 
s i l t  formed waste p a r t i n g s   i n   t h e   l o w e r   p a r t s  of 
t h i s   b o r e h o l e .   F a r t h e r  east t h e   d e p o s i t s   i n  
b o r e h o l e  25 NE 134 are more g rave l ly ,   and  3.7m 
of 'cZayey'  gravel are sepa ra t ed   f rom 8.3m 
of 'very  clayey'  sandy gravel and pebbly sand by a 
0.2-m seam of   c l ay .   Benea th   t he   pebb ly   s and  l i e  
9.lm of  'clayey'  sand. T h e s e   i n   t u r n  are 
u n d e r l a i n  by 2.6m of sandy gravel. Thus, i t  can 
b e   e x p e c t e d   t h a t   m i n e r a l   d e p o s i t s   i n   t h i s  area 
w i l l  be   t h i ck   and   ve ry   va r i ab le   i n   g rad ing .   They  
cou ld   be   worked   d ry   because   g roundwate r   l eve l s   i n  
t h e   b o r e h o l e s  were low.  Overburden  thickness i s  
n e g l i g i b l e .  

I n   a d d i t i o n   t o   m i n e r a l   c r o p p i n g   o u t  a t  t h e  
s u r f a c e ,   t h e r e  are b u r i e d   s a n d   a n d   g r a v e l   d e p o s i t s  
a round   Cau ldha l l  Moor and  Newbigging.  These 
d e p o s i t s   a p p e a r   t o   b e   v e r y   v a r i a b l e   i n   g r a d i n g ,  
w i th   bou lde r   beds   and   c l ay   pa r t ings .  The r e s u l t s  
o f   t h e   i n f e r r e d   a s s e s s m e n t s  are g i v e n   i n   T a b l e   1 5 -  

Sub-block G4 The  Moorfoot Hills  c o n s t i t u t e   t h e  
s u b - b l o c k ,   t o g e t h e r   w i t h   t h e   f o o t h i l l s   b e t w e e n  
Tynehead L394 5931 and  Espers ton  Law 1347  5701 and 
around West Loch l 2 5 7  5161. Sub-block G4 i s  
no tab ly   devo id   o f   s and   and   g rave l   depos i t s ,   excep t  
f o r   t h e   a l l u v i u m  of t h e   H e r i o t  Water a n d   s e v e r a l  
small mounds  of g l a c i a l   s a n d   a n d   g r a v e l   w h i c h  are 
t o o  small t o  be a s s e s s e d   i n   t h i s   s u r v e y .  

The v a l l e y  of t h e   H e r i o t  Water h a s   s t e e p  
s i d e s   w i t h   e x t e n s i v e   o u t c r o p s  of  bedrock  and a 
f l a t   b o t t o m   w i t h  a well d e v e l o p e d   a l l u v i a l   t e r r a c e  
system  which  reaches a maximum wid th  of 300m n e a r  
H e r i o t .  

Boreho les   35  SE 1, 2 and 3 were d r i l l e d  on 
t h e   f l o o d p l a i n   a n d   p r o v e d   a l l u v i a l   g r a v e l   d e p o s i t s  
r a n g i n g   i n   t h i c k n e s s   f r o m  l . l m  t o  3.0m: t h e  mean 
i s  2.2m. I n   b o r e h o l e s  35 SE 2 and  3,  3. l m  and 
4.6m r e s p e c t i v e l y   o f  s i l t  a n d   c l a y ,   c o n s i d e r e d   t o  
be late-Glacial i n  a g e ,   u n d e r l a y   t h e   a l l u v i a l  
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Table 15 Block G: Data f rom  sample   po in ts   and   the   assessment   o f   resources  

Sample   po in t   Recorded   th ickness  Mean g rad ing   pe rcen tage  
D e s c r i p t i v e  
c a t e g o r y  

Boreho le   To ta l   Dep th   In t e r -   F ines   F ine  Medium Coarse   F ine   Coarse   Cobbles   ( see   the  
o r   p i t   m i n e r a l   o f   v e n i n g   s a n d   s a n d   s a n d   g r a v e l   g r a v e l   a n d   d i a g r a m  

b u r i a l  waste 4 i-k +% +1 +4 +16 b o u l d e r s   i n   A p p e n d i x  
m m m mm -%mm -1 mm -4 mm -16 mm -64 mm +64 mm C) 

--------- 
SUB-BLOCK G1 (FLUVIOGLACIAL AND GLACIAL SAND AND GRAVEL AND ALLUVIUM I N  THE  EASTER HOWGATE AREA) 
26 NW 112 3.2  0.3 23  38  13 6 12 8 0 VC SG 
26 SW 85 1.2+ 0.9 32 55 8 2 2 1 0 vc s 
26 SW 90 4.3 0.4 12 14 18  12  25 19 0 C SG 
26 SW 93 1.2+ 0.8 14 74 12 0 0 0 0 cs 
Mean 2.5  0.6 18 34  14 7 15 11 0 CPS 

SUB-BLOCK G 1  (GLACIAL SAND AND GRAVEL I N  THE SHERIFFHALL  AREA) 
36 NW 338 1.8 0.7 38  43 8 5 5 1 0 vc PS 

SUB-BLOCK G 3  (GLACIAL  SAND AND GRAVEL I N  THE WHIM AREA) 
25 SW 14 8.4 0.2 9 13  15 17 20  24 2 G 
25 SW 15 4.2  0.3 8 11 12 15 27 27 0 G 
Mean 6.3  0.3 9 12 14 16  22  26 1 G 

SUB BLOCK G3 (GLACIAL SAND AND GRAVEL I N  THE HOWGATE AREA) 
25 NW 80 14.4 0.4 5.4 25, 52 19 3 1 0 0 vc s 
25 NE 134 23.7  0.3  0.2 13  35  24 5 10 11 2 C SG 
Me an  19.1 0.4 18 41 22 4 7 7 1 CPS 

SUB-BLOCK G, (ALLUVIUM  OF  THE HERIOT WATER) 
35 SE 1 1.1 0.3 8 5 9 11 26 4 1  0 G 
35 SE 2 3.0  0.2 5 4 6 12 27 36 10 G 
35 SE 3 2.5  0.3 5 5 8 12 20 43 7 G 
Mean 2.2  0.3 6 5 7 12 24 39 7 G 

SUB-BLOCK Gq (GLACIAL  SAND AND GRAVEL I N  THE VALLEY  OF THE HERIOT WATER) 
35 SE 1 9.1 1.4 5 2 9 13 30 39 2 G 
35 SE 2 2.3+  6.3 11 5 7 12 20 40 5 G 
Mean 5.7 3.9 6 3 9 13  28  38 3 G 

-- 

Inferred  assessment of t h e   f l u v i o g l a c i a l  and 
g lac ia l  sand and gravel and a l luv ium  in   t he  
Easter Howgate area  (sub-block GI) 
Area of exposed   minera l  1.4 km2 
Mean t h i c k n e s s  of overburden 0.6m 
Mean th i ckness   o f   mine ra l  2.5m 
Es t ima ted  volume  of  mineral 4 million m 3 

Inferred  assessment of t he   g lac ia l  sand and 
g r a v e l   i n   t h e  Whim area  (sub-block G 3 )  
Area of exposed   minera l  0.8km 
Mean t h i c k n e s s  of overburden 0.3m 
Mean t h i c k n e s s  of m i n e r a l  6.3m 
Es t ima ted  volume  of  mineral 5 million m3 

2 

Inferred  assessment of the   al luvium in t he   va l l ey  
of  the  Heriot  Water  (sub-block G 4 )  
Area of exposed   minera l  1.4km 
Mean th i ckness   o f   ove rburden  0.3km 
Mean t h i c k n e s s  of m i n e r a l  2.2m 
Es t ima ted  volume of mine ra l  3 million m3 

2 

Inferred  assessment of t he   g lac ia l  sand and gravel 
i n   t h e   S h e r i f f h a l l  area  (sub-block GI) 
Area of exposed   minera l  0.4km2 
Mean th i ckness   o f   ove rburden  0.7km 
Mean t h i c k n e s s  of m i n e r a l  1.8m 
Est imated  volume of m i n e r a l  1 million m 3 

Inferred  assessment of t he   g lac ia l  sand and gravel 
in t h e  Howgate area  (sub-block G,) 
Area of exposed   minera l  1.2km 
Mean th i ckness   o f   ove rburden  0.4m 
Mean t h i c k n e s s   o f   m i n e r a l   1 9 . l m  
Es t imated   vo lume  of   minera l  22 million m3 

Inferred  assessment of the  concealed  glacial 
sand and gravel i n   t h e   v a l l e y  of the  Heriot  Water 
(sub-block G 4 )  
Area of bur ied   minera l   1 . lkm2 
Mean t h i c k n e s s  of overburden - 
Mean t h i c k n e s s  of m i n e r a l  5.7m 
Est imated   vo lume  of   minera l*  3 million - m3 

* D e p o s i t   s h a p e   t r e a t e d  as a n   i n v e r t e d   t r i a n g u l a r   p r i s m  
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d e p o s i t s .  I n  a l l   t h r e e   b o r e h o l e s  gravel o r  
'cZaYQy' gravel ,  b e l i e v e d   t o  be of g l a c i a l  
m e l t w a t e r   o r i g i n ,   u n d e r l a y   t h e   a l l u v i u m   a n d  
late-Glacial a l luv ium.   Boreho les  35 SE 1 and 2 
p e n e t r a t e d  9.lm and 2.3m r e s p e c t i v e l y   o f   g l a c i a l  
s and   and   g rave l ,   bu t   i n   bo reho le  35 SE 3,  gravel ,  
1 I m  t h i c k ,   u n d e r l a y  4.6m of   waste   which  renders  
t h e   d e p o s i t   n o t   p o t e n t i a l l y   w o r k a b l e   i n  terms of 
t h e  c r i t e r i a  adopted  here .  From t h e s e   f i g u r e s ,  i t  
may be Jecluced tha t   t he   depos i t   t h ins   downs t r eam;  
conseql len t ly   an   in fer red   boundary   de l . imi t ing   the  
e x t e n t  of p o t e n t i a l l y   w o r k a b l e ,   c o n c z a l e d   g l a c i a l  
sand  and  gravel  has been  drawn a c r o s s   t h e   v a l l e y  
a t  Borthwick Hall L387 5221.  

The mean grading   of   a l luv ium i s  f i n e s  6 p e r  
cen t ,   s and  22 p e r  cen t   and   g rave l  72 per c e n t ,  
comparable   wi th   the   g lac ia l   sand   and   grave l   which  
g r a d e d   f i n e s  6 per cen t ,   s and  25 pe r   cen t   and  
g r a v e l  69 p e r   c e n t .  It  s h o u l a  be n o t e d   t h a t  many 
of the   samples  were obta ined   f rom  be low  the  water 
t a b l e   a n d   t h a t  much of t h e   f i n e s  were l o s t ;   f o r  
example ,   i n   bo reho le  35 SE 1 , t h e   f i r s t   s a m p l e   o f  
g l a c i a l   s a n d   a n d   g r a v e l   f r o m   a b o v e   t h e  water t a b l e  
had 10 p e r  c e n t   f i n e s   a n d   t h e   r e m a i n d e r   c o n t a i n e d  
from 3 t o  5 p e r   c e n t .  

On t h e   b a s i s  of t h e   t h r e e  sample p o i n t s ,  
separate i n f e r r e d ' a s s e s s m e n t s   h a v e   b e e n   c a l c u l a t e d  
f o r   t h e   a l l u v i u m   a n d   g l a c i a l   s a n d   a n d   g r a v e l   o f  
sub-block G4: t h e   r e s u l t s   a r e   p r e s e n t e d   i n  
T a b l e s  8 and 15. F o r   t h e   g l a c i a l   s a n d   a n d   g r a v e l ,  
i t  i s  assumed t h a t   t h e   c r o s s - s e c t i o n a l   s h a p e   o f  
t h e   d e p o s i t s   e q u a t e s   t o   a n   i n v e r t e d   t r i a n g u l a r  
p r i s m ,   t o   c o u n t e r   t h e   e f f e c t   o f   s i t i n g   t h e  
b o r e h o l e s   n e a r   t h e   v a l l e y   c e n t r e ,   w h e r e   t h e  
d e p o s i t s  are assumed t o   b e   t h i c k e s t .  

CONCLUSIONS 
T h e   s a n d   a n d   g r a v e l   r e s o u r c e s   o f   t h e   d i s t r i c t   h a v e  
b e e n   d e s c r i b e d   s y s t e m a t i c a l l y   a n d   t h e   r e s u l t s   o f  
t he   a s ses smen t   summar i sed   i n   Tab le s  7 and 8. It  
must   be  emphasised  that   the   survey  concerns  the 
e s t i m a t i o n  of r e s o u r c e s   r a t h e r   t h a n   r e s e r v e s   a n d  
t h a t   t h e   a s s e s s m e n t  of t h e   d e p o s i t s  i s  judged 
s o l e l y   i n  terms o f   t h e   a r b i t r a r y   p h y s i c a l  c r i te r ia  
s t a t e d   i n   t h e   i n t r o d u c t i o n   t o   t h i s   r e p o r t .  No 
accoun t  i s  t a k e n   o f   p r e v a i l i n g   e n v i r o n m e n t a l   o r  
economic   cons ide ra t ions :   t he   quo ted   vo lumet r i c  
estimates b e a r  no s i m p l e   r e l a t i o n s h i p   t o   t h e  
amoun t   o f   s and   and   g rave l   t ha t   migh t   be   ex t r ac t ed  
i n   p r a c t i c e .  The c h i e f  aim of   t he   su rvey  is t o  
p rov ide  a f a c t u a l ,   g e o l o g i c a l l y   b a s e d   a s s e s s m e n t  
of t he   s and   and   g rave l ,   aga ins t   wh ich   t he  
e c o n o m i c ,   s o c i a l   a n d   e n v i r o n m e n t a l   c o s t s   i n  
d e v e l o p i n g   t h e   r e s o u r c e   c a n  be  weighed. 

B e a r i n g   i n  mind t h a t  much more d e t a i l e d  
e x p l o r a t i o n   a n d   e v a l u a t i o n  of t h e   d e p o s i t s  w i l l  be  
r e q u i r e d   t o   e s t a b l i s h   t h e   w h e r e a b o u t s   o f   r e s e r v e s ,  
i t  i s  p o s s i b l e ,   n o n e t h e l e s s ,   t o   i n d i c a t e   w i t h  some 
d e g r e e   o f   c e r t a i n t y   t h o s e   r e s o u r c e s   t h a t  may f i r s t  
command a t t e n t i o n .   T h e s e  are d e s c r i b e d   b l o c k  by 
b lock   and  a g e n e r a l i s e d  map s u m m a r i s i n g   t h i s  
i n f o r m a t i o n  is p r e s e n t e d   i n   F i g u r e   1 6 .  

Block A I n   b l o c k  A,  t h e   s a n d   a n d   g r a v e l   d e p o s i t s  
as a whole  have a mean th i ckness   o f  3.2m: t h e  mean 
g r a d i n g  i s  f i n e s  14 p e r   c e n t ,   s a n d  66 p e r   c e n t   a n d  
g r a v e l  20 p e r   c e n t .  However, t h e s e   f i g u r e s  
i n c l u d e   d a t a   f r o m   p o t e n t i a l l y   w o r k a b l e   g l a c i o -  
l a c u s t r i n e   d e p o s i t s   w h i c h   t o   d a t e   h a v e   n o t  
commanded t h e   a t t e n t i o n  of t h e   e x t r a c t i v e  
i n d u s t r y .   I f   o n l y   t h e  m o r e   i m m e d i a t e l y   a t t r a c t i v e  
d e p o s i t s  are c o n s i d e r e d   ( f l u v i o g l a c i a l   s a n d   a n d  
g r a v e l ) ,   t h e   r e s o u r c e   h a s  a mean th i ckness   o f  2.7m 
and a mean g r a d i n g  of f i n e s   1 2   p e r   c e n t ,   s a n d   6 5  
pe r   cen t   and   g rave l   23   pe r   cen t .   The  f l u v i o -  
g l a c i a l   d e p o s i t s  are t h o u g h t   t o   t h i c k e n   t o   t h e  

west o f   Da lke i th ,   where   t hey  are composed 
p redominan t ly  of sand. E l s e w h e r e ,   t h e   d e p o s i t s  
are of f a i r l y   e v e n   t h i c k n e s s   a n d   g e n e r a l l y   g r a d e  
as  sandy gravel.  The   g rave l  i s  mainly  composed  of 
s a n d s t o n e   w i t h   l a v a   a n d   o t h e r   s e d i m e n t a r y   a n d  
igneous   rock   types .   Overburden   has  a mean 
th i ckness   o f  0.3m. 

Some of t h e   r e s o u r c e   h a s   b e e n   s t e r i l i s e d  by 
hous ing   deve lopmen t   i n   Da lke i th .   Loca l ly   t he  
a l l u v i u m   f l o o r i n g   t h e   v a l l e y   o f   t h e   R i v e r   N o r t h  
Esk i s  p o t e n t i a l l y   w o r k a b l e ,   g e n e r a l l y   r a n g e s   i n  
t h i c k n e s s   f r o m   o n e   t o  two metres, g r a d e s  as  
' c layey '  sandy gravel and i s  b u r i e d   b e n e a t h  
o v e r b u r d e n   i n   e x c e s s  of one metre t h i c k .  

An i m p o r t a n t   f a c t o r   g o v e r n i n g   t h e   d e v e l o p m e n t  
of t h e   r e s o u r c e  is  i t s  p o s i t i o n   r e l a t i v e   t o   t h e  
water t a b l e .   C o n s i d e r i n g   t h e   d e p t h   b e l o w   t h e  
s u r f a c e  a t  which  groundwater was f i r s t  
encoun te red ,   abou t   15   pe r   cen t  of t h e   r e s o u r c e  
b e n e a t h   t h e   f l u v i o g l a c i a l  terraces i n   b l o c k  A 
might l i e  below  the water t a b l e  as would a l l  t h e  
m i n e r a l   i n   t h e   a l l u v i u m .  

A l t h o u g h   t h e   r e s o u r c e s   i n   t h e   f l u v i o g l a c i a l  
terraces c o u l d   l a r g e l y  be  worked  dry,  because  of 
t h e   l i m i t e d   t h i c k n e s s  of t h e   m i n e r a l   t h e y  are n o t  
l i k e l y   t o   r e c e i v e   a t t e n t i o n   f r o m   i n d u s t r y   i n   t h e  
n e a r   f u t u r e .  It i s  u n l i k e l y   t h a t   t h e   a l l u v i u m  
w o u l d   e v e r   b e   c o n s i d e r e d   f o r   e x p l o i t a t i o n .  

Block B T h e   p o t e n t i a l l y   w o r k a b l e   d e p o s i t s   o f  
b l o c k  B are v a r i a b l e   i n   t h i c k n e s s   a n d   c o m p o s i t i o n ,  
r a n g i n g   f r o m   s a n d   a n d   g r a v e l   t o   s i l t y   s a n d   a n d  
gene ra l ly   becoming   f i ne r   g ra ined   w i th   dep th .   They  
have a mean th i ckness   o f  11.5m and mean grading   of  
f i n e s   1 3   p e r   c e n t ,   s a n d  77 p e r   c e n t   a n d   g r a v e l  10 
per cen t .   However ,   t hese   f i gu res   i nc lude   da t a  
f r o m   t h e   g l a c i o l a c u s t r i n e   d e p o s i t s   w h i c h   g r a d e  as 
'very  clayey'  sand. T h e   f l u v i o g l a c i a l   a n d   g l a c i a l  
s a n d   a n d   g r a v e l   r e s o u r c e s  are more l i k e l y   t o   b e  
a t t r a c t i v e   t o   i n d u s t r y ,   h a v i n g  a mean th i ckness   o f  
8.2m and mean g r a d i n g   o f   f i n e s  10 p e r   c e n t ,   s a n d  
73 per c e n t   a n d   g r a v e l  17 p e r   c e n t .   I n   t h e  
v i c i n i t y  of t h e   v a l l e y   o f   t h e   R i v e r   N o r t h  Esk  and 
a t  Old P e n t l a n d   t h e s e   d e p o s i t s  are t h i c k l y  
developed,   being  composed  predominant ly   of   sand a t  
t h e   f o r m e r   l o c a l i t y   a n d   g r a v e l   a n d   s a n d  a t  t h e  
l a t te r .  The   aggrega te   compr i se s   s ands tones   and  
greywacke   wi th   l ava   and  some i n t r u s i v e   i g n e o u s  
r o c k s   a n d   f i n e   g r a i n e d   s e d i m e n t .  

A lmos t   two- th i rds   o f   t he   mine ra l   i n   t he   b lock  
l i es  beneath  overburden  which  has  a mean t h i c k n e s s  
of 2.0m. 

On t h e   b a s i s   o f  IMAU boreho les ,   app rox ima te ly  
32 p e r   c e n t   o f   t h e   r e s o u r c e  i s  water s a t u r a t e d   b u t  
much of t h a t  i s  g l a c i o l a c u s t r i n e   s e d i m e n t .  

The resources   have   been   worked  by dry  methods 
a t  a number  of l o c a l i t i e s   a n d   h a v e   b e e n   e x t r a c t e d  
f rom  benea th   overburden .  They are c u r r e n t l y   b e i n g  
dug a t  M e l v i l l e   P i t ,   w h e r e   t h e  material i s  
e x p o s e d .   C o n s i d e r i n g   t h e i r  la teral  c o n t i n u i t y   a n d  
t h i c k n e s s ,   t h e  f l u v i o g l a c i a l   s a n d   a n d   g r a v e l  
d e p o s i t s   i n   b l o c k  B o f f e r   s i g n i f i c a n t   p o t e n t i a l  
f o r   f u r t h e r   e x p l o i t a t i o n .  

The a l l u v i u m   i n   t h e   b l o c k   c o n t a i n s  a minor  
r e source   t hough  i t  i s  u n l i k e l y   t o   b e   c o n s i d e r e d  
f o r   e x p l o i t a t i o n  owing t o  i t s  l i m i t e d  areal e x t e n t  
and   t h i ckness   and   because  much of i t  p robab ly  l ies 
below  the water t a b l e .  

Block C T h e   s a n d   a n d   g r a v e l   d e p o s i t s   i n   t h i s  
b lock  are v a r i a b l e   i n   t h i c k n e s s ,   r a n g i n g   f r o m  2.1 
t o  22.6m i n  IMAU b o r e h o l e s ,   b u t  are g e n e r a l l y  
similar in   compos i t ion .  A mean th i ckness   o f  9. l m  
and mean g r a d i n g  of f i n e s  11 p e r   c e n t ,   s a n d   6 3   p e r  
c e n t   a n d   g r a v e l  26 p e r   c e n t   h a v e   b e e n   c a l c u l a t e d  
f o r   t h e   r e s o u r c e  as a w h o l e ,   b u t   t h i s   i n c l u d e s  
d a t a   f r o m   g l a c i o l a c u s t   r i n e   d e p o s i t s   i d e n t i f i e d   i n  
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f o u r  IMAU boreho les .  The f l u v i o g l a c i a l   a n d  
g l a c i a l   s a n d   a n d   g r a v e l   t o g e t h e r   h a v e  a mean 
t h i c k n e s s  of 8.4m and mean g r a d i n g  of f i n e s  9 p e r  
c e n t ,   s a n d  63 p e r   c e n t   a n d   g r a v e l  28 p e r   c e n t .  
The t h i c k e s t   d e p o s i t s  were p r o v e d   t o   t h e  west of 
P e n i c u i k ,  east of  Rosewell   and  south  of  Roslin.  
P e t r o g r a p h i c   s t u d i e s   i n d i c a t e   t h a t   t h e   a g g r e g a t e  
i s  mainly  durable  and  composed  of  greywacke,  lava 
a n d   s a n d s t o n e   w i t h   p o r p h y r y ,   q u a r t z i t e   a n d  
d o l e r i t e .   O v e r b u r d e n   h a s  a mean t h i c k n e s s  of 
0.7m. 

IMAU b o r e h o l e   d a t a   s u g g e s t   t h a t   a b o u t   8 6   p e r  
c e n t  of t h e   r e s o u r c e   m i g h t  l i e  above   t he  water 
t a b l e .  

A small amount of t h e   r e s o u r c e   i n   t h e   b l o c k  
has   been   explo i ted   bu t   none  i s  c u r r e n t l y   b e i n g  
worked ;   an   apprec i ab le  amount  of m i n e r a l   h a s  
r e c e n t l y   b e e n   s t e r i l i s e d  by hous ing   deve lopmen t   i n  
Pen icu ik .   Cons ide r ing  i t s  t h i c k n e s s   a n d   g r a v e l l y  
n a t u r e ,   t h e   r e s o u r c e   o f f e r s   s i g n i f i c a n t   p o t e n t i a l  
fo r   deve lopmen t  by d r y   m e t h o d s ,   e s p e c i a l l y   a r o u n d  
Penicuik  and  Rosewell .  

A s  i n   b l o c k s  A and R ,  t h e   a l l u v i u m  i n  b l o c k  C 
i s  c o n s i d e r e d   p o t e n t i a l l y   w o r k a b l e   i n   p a r t   b u t  i s  
u n l i k e l y   t o  be c o n s i d e r e d   f o r   e x p l o i t a t i o n   w h i l e  
more a t t r a c t i v e   p r o s p e c t s   r e m a i n .  

Block D The   r e sources  of b lock  D are f a i r l y  
u n i f o r m   i n   t h i c k n e s s   a n d   c o m p r i s e   m a i n l y   g l a c i a l  
sand   and   grave l   wi th  a small amount  of g l a c i o -  
l a c u s t r i n e   s e d i m e n t .  The g l a c i a l  meltwater 
d e p o s i t s   h a v e  a mean t h i c k n e s s  of  5.lm  and  mean 
g r a d i n g  of f i n e s   1 3   p e r   c e n t ,   s a n d  47 per   cen t   and  
g r a v e l  40 p e r   c e n t .   C o n s i d e r i n g   o n l y   t h e   g l a c i a l  
s a n d   a n d   g r a v e l ,   t h e   r e s p e c t i v e   f i g u r e s  are 4.4m 
a n d   f i n e s  11 p e r   c e n t ,   s a n d  45 p e r   c e n t   a n d   g r a v e l  
44   pe r   cen t .   The   aggrega te  i s  composed 
p redominan t ly  of durable  greywacke.  The 
overburden  has  a mean th i ckness   o f  0.5m. 

Groundwater was n o t   e n c o u n t e r e d   i n   t h i r t e e n  
o f   t h e   s e v e n t e e n   s a m p l e   p o i n t s   t h a t   p r o v e d   m i n e r a l  
i n   t h e   b l o c k   a n d   a b o u t   8 9   p e r   c e n t  of t h e   m i n e r a l  
i s  e s t i m a t e d   t o  l i e  above   t he  water t a b l e .  

The r e s o u r c e  i s  cu r ren t ly   be ing   worked  a t  
Cowies l inn   and   Ship   Horns .  Owing t o   t h e i r  
t h i c k n e s s ,   h i g h   g r a v e l   c o n t e n t   a n d   t h e i r   a b i l i t y  
t o  be   worked   d ry ,   t he   r e sources   t o   t he   sou th   and  
west of Gladhouse   Reservoi r   and  a t  T o x s i d e ,   i n  
a d d i t i o n   t o   t h e   t h i c k   s a n d y   d e p o s i t s  a t  E s p e r s t o n ,  
may a t t r ac t  t h e   a t t e n t i o n  o f   t h e   e x t r a c t i v e  
i n d u s t r y   i n   t h e   n e a r   f u t u r e .  

Block E The  pa tches  of f l u v i o g l a c i a l   a n d   g l a c i a l  
s a n d   a n d   g r a v e l   i n   b l o c k  E are e s t i m a t e d   t o   h a v e  a 
mean t h i c k n e s s  of 5.2m. The mean g r a d i n g  i s  f i n e s  
13   pe r   cen t ,   s and  52 pe r   cen t   and   g rave l   35   pe r  
c e n t .  Over much of t h e   b l o c k   t h e   r e s o u r c e  i s  
f a i r l y   u n i f o r m   i n   t h i c k n e s s   a n d   c o m p o s i t i o n ,   b u t  
s o u t h  of C a u l d h a l l  Moor and   no r th   o f   Ou te r s ton   t he  
m i n e r a l  i s  more th i ck ly   deve loped   and   has  a h i g h e r  
g r a v e l   c o n t e n t .  The a g g r e g a t e  i s  composed  mainly 
o f   du rab le   g reywacke   w i th   s ands tone   and  some 
l a v a .  The  overburden  has a mean th i ckness   o f  
0.7m. 

Much of t h e   r e s o u r c e   c o u l d   b e   e x t r a c t e d  by 
dry  working  methods.   Using  groundwater   levels  
measured i n  IMAU b o r e h o l e s ,   8 2   p e r   c e n t  of t h e  
p o t e n t i a l l y   w o r k a b l e   s a n d   a n d   g r a v e l  i s  e s t i m a t e d  
t o  l i e  above   t he  water t a b l e .  To d a t e   t h e  
r e s o u r c e   i n   b l o c k  E has  not  been  worked  on a 
commercial  scale, b u t   t h e   t h i c k   g r a v e l l y   d e p o s i t s  
a t  C a u l d h a l l  Moor and   no r th   o f   Ou te r s ton  of f e r  
p o t e n t i a l   f o r   e x p l o i t a t i o n   a n d  may p rove  
a t t r a c t i v e   t o   i n d u s t r y  as o t h e r   r e s o u r c e s   i n   t h e  
su rvey  area are exhaus ted .  

BZock F I n  b lock  F ,  t h e   s a n d   a n d   g r a v e l   d e p o s i t s  

as  a whole  have a mean th i ckness   o f  7.7m. The 
mean g r a d i n g  i s  f i n e s  14  per c e n t ,   s a n d  6 4  p e r  
c e n t   a n d   g r a v e l  22 pe r   cen t .  I f  d a t a   f o r   t h e  
g l a c i o l a c u s t r i n e   d e p o s i t s  are e x c l u d e d ,   t h e  
r e s o u r c e   h a s  a mean t h i c k n e s s  of 6.4m and a mean 
g r a d i n g  of f i n e s  12 per cen t ,   s and   61   pe r   cen t   and  
g r a v e l  27 p e r  cent. T h e   t h i c k e s t   d e p o s i t s  are 
d e v e l o p e d   t o   t h e   s o u t h  of Borthwick,   where  they 
are main ly   g rave l ly ,   and   a round  Cr ich ton  
l 3 8 6  6201 and  Vogrie;   around  Oxenfoord  Mains  the 
s e d i m e n t s  are p a r t i c u l a r l y   g r a v e l l y .  The 
a g g r e g a t e  i s  g e n e r a l l y  composed  of  greywacke  with 
sands tone   and  some lava   and  i s  main ly   durable .  
Overburden  has  a mean th i ckness   o f  1. l m .  

From the   measurement   o f   g roundwater   l eve ls   in  
IMAU b o r e h o l e s ,  69 p e r   c e n t  of t h e   r e s o u r c e  i s  
t h o u g h t   t o  l i e  above   t he  water t a b l e .  

A small amount  of t h e   r e s o u r c e   h a s   b e e n  
worked i n   t h e   p a s t .   C o m m e r c i a l   e x p l o i t a t i o n  of 
t h e   r e s o u r c e s   i n   t h e   b l o c k   c o u l d  be c o n s i d e r e d   i n  
t h e   n e a r   f u t u r e ,   p a r t i c u l a r l y   t h e   t h i c k   g r a v e l l y  
d e p o s i t s   s o u t h  of Borthwick  and  near   Oxenfoord 
which l i e  m o s t l y   a b o v e   t h e   w a t e r   t a b l e .  

The a l l u v i u m   f l o o r i n g   t h e   v a l l e y  of the  Tyne 
Water is p r o b a b l y   p o t e n t i a l l y   w o r k a b l e   i n   p l a c e s ,  
b u t  is  u n l i k e l y   t o   b e   c o n s i d e r e d   f o r   e x t r a c t i o n :  
n e i t h e r  i s  t h e  till w h i c h   l o c a l l y   g r a d e s  as 
mine ra l .  

BZock C The b lock  i s  d i v i d e d   i n t o   s u b - b l o c k s ,  
which  mainly  enclose  upland areas, c o n t a i n   o n l y  
small q u a n t i t i e s  of sand   and   grave l   and   have   too  
f ew  sample   po in t s   on   wh ich   t o   base   va l id  
s t a t i s t i ca l  a s ses smen t s .  The infer red   vo lumes   of  
m i n e r a l  are of m o d e s t   p r o p o r t i o n s   e x c e p t   i n  

A l l  t h e   r e s o u r c e s   i n   s u b - b l o c k  G 1  are t h i n  
a n d   u n l i k e l y   t o   r e c e i v e   a t t e n t i o n   f r o m   t h e  
e x t r a c t i v e   i n d u s t r y .   S a n d   a n d   g r a v e l   d e p o s i t s  are 
v i r t u a l l y   a b s e n t   i n   s u b - b l o c k  G2 and   t he   f ew  tha t  
are p r e s e n t  are so  small as t o  be  uneconomic. I n  
sub-block G3 t h i c k   d e p o s i t s  of s a n d   w i t h   g r a v e l ,  
forming a l a r g e   r i d g e  a t  Howgate,   could  mostly  be 
worked by dry  methods.  A s t r i p  o f   g r a v e l l y  
s e d i m e n t   t o   t h e   s o u t h - w e s t  of Leadburn l ies  
e n t i r e l y   a b o v e   t h e  water t a b l e   a n d  was p r o v e d   t o  
b e   u p   t o  6.4m t h i c k   i n  IMAU boreholes .   The  
d e p o s i t s  a t  b o t h   l o c a l i t i e s   c o u l d   b e   c o n s i d e r e d  
f o r   e x p l o i t a t i o n   i n   t h e   f u t u r e .   T h e   r e s o u r c e s   i n  
sub-block G4 m a i n l y   u n d e r l i e   t h e   f l o o d   p l a i n   o f  
t h e   H e r i o t  Water, where   bo reho les   pene t r a t ed  a 
v a r i e t y  of d e p o s i t s ,  composed p r i n c i p a l l y   o f  
g r a v e l ,   t o  a maximum depth  of  15.4m. However, 
abou t  81 p e r   c e n t  of t h e   r e s o u r c e  i s  t h o u g h t   t o  
l i e  below  the water t a b l e   a n d   i f ,  as a t  p r e s e n t ,  
d r e d g i n g   o p e r a t i o n s   s h o u l d   n o t   b e   p e r m i t t e d ,   t h e  
r e s o u r c e  is  u n l i k e l y   t o  command a t t e n t i o n   i n   t h e  
n e a r   f u t u r e .  

sub-block G3* 

NOTES ON THE SAND AND GRAVEL WORKINGS IN THE AREA 
The r e l a t i v e l y   l a r g e  number of workings ,   bo th  
a c t i v e   a n d   a b o n d o n e d ,   i n   t h e   r e s o u r c e - s h e e t  area 
r e v e a l s   t h e   i n t e r e s t   t h a t   h a s   b e e n   f o c u s e d   t h e r e  
by t h e   i n d u s t r y   f o r  many y e a r s ,   t h e   p r i m e   r e a s o n  
f o r   t h i s   b e i n g   t h e   p r o x i m i t y  of t h e   d e p o s i t s   t o  a 
l a rge   marke t   i n   Ed inburgh .  A b r i e f   d e s c r i p t i o n  of 
many o f   t h e   p i t s  was made by Haldane  (1948);   more 
r e c e n t   i n f o r m a t i o n  was p rov ided  by Goodlet   (1970)  
and by McAdam (1977  and  1978). A l ist  of t h e  
ac t ive   and   d i sused   workings ,   which  are d e l i m i t e d  
on t h e   r e s o u r c e  maps, i s  g i v e n   i n   T a b l e  16. 
Material is  n o t  known t o   h a v e   b e e n   e x t r a c t e d   f r o m  
be low  the  water t a b l e ,   t h e   u s u a l   i n t e n t i o n   b e i n g  
t o   b a c k   f i l l   p i t s   a n d   r e s t o r e   t h e   g r o u n d   t o  
a g r i c u l t u r e   s u b s e q u e n t   t o   m i n e r a l   e x t r a c t i o n =  
Because many of t h e   o l d e r   p i t s   h a v e   b e e n  
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Table 16 L i s t  of a c t i v e  and  disused  workings 

Loca t ion  G r i d   r e f e r e n c e  Deposit   worked Areas of  worked 
g round ,   up   t o  
Februa ry  1 9 8 2 ,  
i n  h e c t a r e s  

ACTIVE 
Cowies l inn  
Havera l  Wood 
M e l v i l l e   ( i n c o r p o r a t i n g  

Wadingburn  and  Melvi l le  
Mains p i t s )  

Ship  Horns 

DISUSED 
B i l s t o n  ( 2  p i t s )  
Borthwick 
B roomhi l l  
Burgh lee  
Burnda le  
Carsewell ( 2  p i t s )  
C a s t l e  Law ( 3  p i t s )  

Comiston 
Cra igburn  ( 3  p i t s )  

Cra igpa rk  
Lugton  Bogs 
England H i l l  (Parkburn)  
Hawthornden  (Dalhousie)  
Howgate 
Lamancha-Whim ( 4  p i t s )  

Mor tonha l l  
N e t h e r   F a l l a  
Nivens Knowe 
O a t s l i e - R o s l i n  ( 5  p i t s )  

Old  Pentland ( 2  p i t s )  
Oxenfoord ( 3  p i t s )  

Pa  rkneuk 
Pathhead 
Pen icu ik  ( 2  p i t s )  
Pent land  Mains 
P r e s t o n  Hall ( 3  p i t s )  

239  516 
292   661  
299  667 

242  502 

264   641  and 267  640 
366  604 
309  664 
279   651  
309  677 
207  599 and 211  597 
350   595 ,   354   586  
and 365  594 
244  689 
243   535 ,   243   528  
and 244  526 
3 0 1   6 6 5  
318  675 
3 0 0   6 7 4  
299  632 
257  582 
207 5 3 0 ,   2 0 0   5 2 4 ,  
216  541 and 211  533 
271  682 
240  520 
265   653  
2 6 0   6 2 5 ,   2 6 3   6 2 5  
264   627 ,  267  628 
and 269  629 
267  660 and 270  663  
388   662 ,   390   665  
and 391   665  
297  630 
394  649 
235   602  and 237  601 
259  654 
399   670 ,   396   665  
and 392  661  

Rosemay,  Leadburn ( 3  p i t s )  223   552 ,   224   552  and 
226  552 

Ross lyn  Lee 267  621 
S t r a i t o n  271  667 

Glac ia l   s and   and   g rave l  
F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

1 

G l a c i a l   s a n d   a n d   g r a v e l  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

G l a c i a l   s a n d   a n d   g r a v e l  
F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

G lac i a l   s and   and   g rave l  
I* 

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

, I  

,1 

Glacial sand   and   g rave l  
,# 

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

G l a c i a l   s a n d   a n d   g r a v e l  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  
1. 
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14.0 
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1.1 
0.6 

s u c c e s s f u l l y   r e s t o r e d ,   t h e  limits of t h e   a r e a s   o f  
worked  ground shown on t h e   r e s o u r c e  maps may 
encompass some small a r e a s   w h i c h ,   f o r   o n e   r e a s o n  
o r   a n o t h e r ,  were n o t   d u g .   I n   t o t a l ,  1.41 km2 of 
ground  have  been  worked  for  sand a n d   g r a v e l  i n  t h e  
su rvey  area, t h a t  is, abou t  2.6 p e r   c e n t  of t h e  
t o t a l   a r e a  of m i n e r a l - b e a r i n g   g r o u n d   i d e n t i f i e d   i n  
t h e   c o n c l u s i o n s   a s   j u s t i f y i n g  more d e t a i l e d  
a p p r a i s a l .  
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APPENDIX A 

PIJ3L.D AND LABORATORY PROCEDURE 

Trial  a n d   e r r o r   d u r i n g   i n i t i a l   s t u d i e s  of t h e  
c o m p l e x   a n d   v a r i a b l e   g l a c i a l   d e p o s i t s   o f   E a s t  
Anglia   and  Essex showed t h a t   a n   a b s o l u t e  minimum 
o f   f i v e   s a m p l e   p o i n t s   e v e n l y   d i s t r i b u t e d   a c r o s s  
t h e   s a n d   a n d   g r a v e l  are n e e d e d   t o   p r o v i d e  a 
wor thwhi l e  s t a t i s t i ca l  a s s e s s m e n t ,   b u t   t h a t ,   w h e r e  
p o s s i b l e ,   t h e r e   s h o u l d   n o t   b e  less t h a n   t e n .  
Sample   po in ts  are a n y   p o i n t s   f o r   w h i c h   a d e q u a t e  
i n f o r m a t i o n  exis ts  a b o u t   t h e   n a t u r e   a n d   t h i c k n e s s  
o f   t h e   d e p o s i t   a n d  may i n c l u d e   b o r e h o l e s   o t h e r  
t h a n   t h o s e   d r i l l e d   d u r i n g   t h e   s u r v e y   a n d  
e x p o s u r e s .   I n   p a r t i c u l a r ,   t h e   c o o p e r a t i o n   o f   s a n d  
a n d   g r a v e l   o p e r a t o r s   e n s u r e s   t h a t   b o r e h o l e s  are  
n o t   d r i l l e d   w h e r e   r e l i a b l e   i n f o r m a t i o n  i s  a l r e a d y  
a v a i l a b l e ;   a l t h o u g h   t h i s  may b e   u s e d   i n   t h e  
c a l c u l a t i o n s ,  i t  i s  h e l d   c o n f i d e n t i a l l y  by t h e  
I n s t i t u t e   a n d   c a n n o t   b e   d i s c l o s e d .  

The   minera l  shown  on  each 1: 25000  sheet  i s  
d i v i d e d   i n t o   r e s o u r c e   b l o c k s .  The a r b i t r a r y   s i z e  
s e l e c t e d ,  10 km2, i s  a compromise t o  meet   the aims 
o f   t h e   s u r v e y  by p r o v i d i n g   s u f f i c i e n t   s a m p l e  
p o i n t s   i n   e a c h   b l o c k .  Where p o s s i b l e   t h e   b l o c k  
boundar i e s  are determined by g e o l o g i c a l  
b o u n d a r i e s ,   b u t   f o r   t h i s   r e s o u r c e   s h e e t  area many 
h a v e   b e e n   d r a w n   a r b i t r a r i l y   a n d  may b e a r   n o  
r e l a t i o n s h i p   t o   t h e   g e o l o g y .  

A r e c o n n a i s s a n c e  of the   g round i s  c a r r i e d   o u t  
t o   r e c o r d   a n y   e x p o s u r e s ,   a n d   i n q u i r i e s   a r e  made t o  
a s c e r t a i n  what   borehole   in format ion  i s  a v a i l a b l e .  
Boreho le  s i tes  are t h e n   s e l e c t e d   t o   p r o v i d e   a n  
e v e n   p a t t e r n  of   sample  points  a t  a d e n s i t y   o f  
approx ima te ly   one   pe r   squa re   k i lome t re .  However, 
because   b road   t r ends  are i n d e p e n d e n t l y   o v e r l a i n  by 
smaller s c a l e   c h a r a c t e r i s t i c a l l y  random 
v a r i a t i o n s ,  i t  i s  u n n e c e s s a r y   t o   a d h e r e   t o  a 
s q u a r e   g r i d   p a t t e r n .   T h u s   s u c h   f a c t o r s  as ease   o f  
a c c e s s   a n d   t h e   n e e d   t o   m i n i m i s e   d i s t u r b a n c e   t o  
l a n d   a n d   t h e   p u b l i c   a r e   t a k e n   i n t o   a c c o u n t   i n  
s i t i n g   t h e   h o l e s ;  a t  t h e  same time i t  i s  n e c e s s a r y  
t o   g u a r d   a g a i n s t   t h e   p o s s i b i l i t y   t h a t   e a s e   o f  
access ( t h a t  i s ,  t h e   p o s i t i o n s   o f   r o a d s   a n d   f a r m s )  
may r e f l e c t   p a r t i c u l a r   g e o l o g i c a l   c o n d i t i o n s ,  
which may b i a s   t h e   d r i l l i n g   r e s u l t s .  

The d r i l l i n g  machine  employed  should  be  capable 
of p r o v i d i n g  a c o n t i n u o u s   s a m p l e   r e p r e s e n t a t i v e   o f  
a l l   u n c o n s o l i d a t e d   d e p o s i t s ,  so t h a t   t h e   i n - s i t u  
g r a d i n g   c a n   b e   d e t e r m i n e d ,   i f   n e c e s s a r y ,   t o  a 
depth   o f  30m a t  a d iameter   o f   about  200mm, benea th  
d i f f e r e n t   t y p e s  of  overburden. I t  should   be  
r e l i a b l e ,   q u i e t ,   m o b i l e   a n d   r e l a t i v e l y   s m a l l  (so 
t h a t  i t  can  be moved t o  s i t e s  o f   d i f f i c u l t  
a c c e s s ) .   S h e l l   a n d   a u g e r   r i g s   h a v e   p r o v e d   t o   b e  
a l m o s t   i d e a l .  

The r i g s   a r e   m o d i f i e d   t o   e n a b l e   d e p o s i t s   a b o v e  
t h e   w a t e r   t a b l e   t o   b e   d r i l l e d   ‘ d r y ’ ,   i n s t e a d  of 
w i t h   w a t e r   a d d e d   t o   f a c i l i t a t e   t h e   d r i l l i n g ,   t o  
minimise  the  amount  of material drawn i n   f r o m  
o u t s i d e   t h e  limits of   the  hole .   The  samples   thus 
o b t a i n e d   a r e   r e p r e s e n t a t i v e  of t h e   i n - s i t u  
grad ing ,   and  sa t i s fy  one  of   the  most   important  
aims of the   su rvey .  Below t h e   w a t e r - t a b l e   t h e  
r i g s   a r e   u s e d   c o n v e n t i o n a l l y ,   a l t h o u g h   t h i s  may 
r e s u l t   i n   t h e  loss of some of t h e   f i n e s   f r a c t i o n  
a n d   t h e  pumping a c t i o n   o f   t h e   b a i l e r   t e n d s   t o   d r a w  
unwanted material i n t o   t h e   h o l e   f r o m   t h e   s i d e s   o r  
the   bo t tom.  

A con t inuous  series of bulk  samples  i s  t a k e n  
th roughou t   t he   s and   and   g rave l .   I dea l ly   s amples  
are composed e x c l u s i v e l y  o f  the   whole  of t h e  
material e n c o u n t e r e d   i n   t h e   b o r e h o l e   b e t w e e n  
s t a t e d   d e p t h s .  However, c a r e  i s  t a k e n   t o   d i s c a r d ,  
as  f a r  as p o s s i b l e ,   m a t e r i a l   w h i c h   h a s   c a v e d   o r  
has   been  pumped f rom  the   bo t tom of t h e   h o l e .  A 
new sample i s  commenced whenever   there  i s  an  

a p p r e c i a b l e   l i t h o l o g i c a l   c h a n g e   w i t h i n   t h e   s a n d  
a n d   g r a v e l ,   o r  a t  e v e r y  I m  depth.   The  samples  , 
each  weighing  between  25  and  45kg,  are despa tched  
i n  heavy   du ty   po ly thene   bags   t o  a l a b o r a t o r y   f o r  
grad ing .   The   grad ing   procedure  i s  based  on 
Br i t i sh   S t anda rd   1377   (1975) .  Random checks  on 
t h e   a c c u r a c y  of t h e   g r a d i n g  are made i n   t h e  
l a b o r a t o r i e s   o f   t h e   I n d u s t r i a l   M i n e r a l s   A s s e s s m e n t  
Un i t  . 

All d a t a ,   i n c l u d i n g  mean g r a d i n g   a n a l y s i s  
f i g u r e s   c a l c u l a t e d   f o r   t h e   t o t a l   t h i c k n e s s  of t h e  
m i n e r a l ,  are e n t e r e d   o n   s t a n d a r d   r e c o r d   s h e e t s ,  
a b b r e v i a t e d   c o p i e s  of  which are r e p r o d u c e d   i n  
Appendix E. 

D e t a i l e d   r e c o r d s  may be   consu l t ed  a t  t h e  
a p p r o p r i a t e   o f f i c e s   o f   t h e   I n s t i t u t e :   t h e   a d d r e s s  
i s  shown  on  page ii of t h i s   r e p o r t ,   n e x t   t o   t h e  
p r e f a c e .  

APPENDIX B 

STATISTICAL PROCEDURE 

Statistical assessment 
1 A s t a t i s t i ca l  a s s e s g n e n t  i s  made o f   a n  area o f  
m i n e r a l   g r e a t e r   t h a n  2 h 2 ,  i f   t h e r e  i s  a minimum 
o f   f i v e   e v e n l y   s p a c e d   b o r e h o l e s   i n   t h e   r e s o u r c e  
b l o c k   ( f o r   s m a l l e r  areas see paragraph 1 2  below). 

2 The s i m p l e   m e t h o d s   u s e d   i n   t h e   c a l c u l a t i o n s  are  
c o n s i s t e n t   w i t h   t h e   a m o u n t   o f   d a t a   p r o v i d e d  by t h e  
survey.   Convent ional  symmetrical c o n f i d e n c e  
limits a r e   c a l c u l a t e d   f o r   t h e  95  p e r   c e n t  
p r o b a b i l i t y   l e v e l  , t h a t  i s ,  t h e r e  i s  a 5 p e r   c e n t  
o r  one in   twen ty   chance   o f  a r e s u l t   f a l l i n g  
o u t s i d e   t h e   s t a t e d  limits. 

3 The  volume e s t i m a t e  (V)  f o r   t h e   m i n e r a l   i n  a 
g i v e n   b l o c k  i s  t h e   p r o d u c t   o f   t h e  two v a r i a b l e s ,  

the   sampled  areas (A)  and t h e  mean t h i c k n e s s   ( d m )  

c a l c u l a t e d   f r o n   t h e   i n d i v i d u a l   t h i c k n e s s e s  a t  t h e  
sample  points .  The s t a n d a r d   d e v i a t i o n s   f o r   t h e s e  
v a r i a b l e s  are r e l a t e d   s u c h   t h a t  

- 

sV 
= J(SA2 + s- 2 ) .  

dm P I  
4 T h e   a b o v e   r e l a t i o n s h i p  may be   t r ansposed   such  
t h a t  

sv = s- J ( l  + s*2/s- 2 )  
d, dm P I  

F r m   t h i s  i t  c a n   b e   s e e n   t h a t  as S 2/S; t e n d s   t o  

0 , s  t e n d s   t o  S- . A m  
V 

If ,  t h e r e f o r e ,   t h e   s t a n d a r d   d e v i a t i o n   f o r  area 
i s  m a l l  w i t h   r e s p e c t   t o   t h a t   f o r  mean t h i c k n e s s ,  
t h e   s t a n d a r d   d e v i a t i o n   f o r   v o l u m e   a p p r o x i m a t e s   t o  
t h a t   f o r  mean t h i c k n e s s .  

5 G i v e n   t h a t   t h e   n m b e r   o f   a p p r o x i m a t e l y   e v e n l y  
s p a c e d   s m p l e   p o i n t s   i n   t h e   s a m p l e d  area i s  n ,  
w i t h   n i n e r a l   t h i c k n e s s   m e a s u r e m e n t s  d , d . . . 
d , t h e   t h e   b e s t   e s t i m a t e   o f  mean t h i c k n e s s ,  

dm 

“1 m 2  

n 
- 
dm, i s  g i v e n  by 

1 (dm + d ... d ) /n .  
1 m 2  m n  

For   g roups   o f   c lo se ly   spaced   bo reho les  a 
d i s c r e t i o n a r y   w e i g h t i n g   f a c t o r  may b e   a p p l i e d  t o  
avo id   b i a s   ( s ee   no te   on   we igh t ing   be low) .  The 

3 5  



Block calculation Calculation of confidence  limits 

Scale: 1:25 000 
Block: Fictitious 

Area 
Block:  11.08 k m 2  
Mineral: 8.32 k m 2  

Mean thickness 
Overburden: 2.5 m 
Mineral: 6.5 m 

Volume 
Overburden:  21  million m s  
Mineral:  54  million ms 

Confidence  limits of the  estimate of mineral  volume a t  
the  95  per  cent  probability  level: 2 20 per  cent 

That is,  the  volume of mineral  (yith  95  per  cent 
probability):  54 2 11 million m 

Thickness  estimate  (measurements in metres) 
lo= overburden  thickness 1, = mineral  thickness 

Sample Weight- 
point  ing w 

SE 14 1 
SE 18  1 
SE 20 1 
SE 22 1 
SE 23 1 
SE 24 1 

Overburden  Mineral  Remarks 

10 ~ 1 0  lm W l m  ---- 
1.5 1.5 9.4 9.4 
3.3  3.3 5.8  5.8 
nil - 6.9  6.9 
0.7  0.7 6.4  6.4 IMAU 
6.2  6.2 4.1  4.1 boreholes 
4.3  4.3 

6.4  6.4 i 
SE 17 3 
123/45 3 2 1*21-1.6 .o ::% 7.2' Hydrogeology 

Unit record 

9.4 
5.8 
6.9 
6.4 
4.1 
6.4 
7.2 
5.8 

2.9 
0.7 
0.4 
0.1 
2.4 
0.1 
0.7 
0.7 

8.41 
0.49 
0.16 
0.01 
5.76 
0.01 
0.49 
0.49 

C ( W l m  - W l m ) 2  = 15.82 
- 

n = 8  
t = 2.365 
L v is calculated  as 
1.05 ( t /  Z m )  J [ C ( W l m  - W r , ) 2 /  n (n-   l ) ]  X 100 

= 1.05 x (2.365/6.5) J[15.82/(8 x 711 X 100 
= 20.3 

20 per  cent. 

1 a Close  group 
2 a 
3 a 0.4  6.8 boreholes 
4 a (com  mercial) 

Totals 1 w = 8 1 wlo = 20.2 Cwlm = 52.0 - 
Means 

- 
~ 1 0  = 2.5 Wlm = 6.5 

0 1 2 kilometres 

SE 24 
0 IMAU borehole 

;:j ~ ~ ~ ~ ~ " " "  l- Thickness in metres 

0 Other boreholes 

- Boundaryof resource block 

----- Boundary of sand and  gravel deposit 

Example of resource  block  assessment: map of fictitious  block,  calculation  and  results 
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s t a n d a r d   d e v i a t i o n   f o r  mean t h i c k n e s s  S- 

expres sed  as a p r o p o r t i o n   o f   t h e  mean t h i c k n e s s ,  
i s  g iven  by 

dm 

where d i s  a n y   v a l u e   i n   t h e  series d t o  d . 
m m 1 mn 

6 The  sampled area i n   e a c h   r e s o u r c e   b l o c k  i s  
co lou red   p ink  on t h e  map. Wherever   poss ib le ,  
c a l c u l a t i o n s  re la te  t o   t h e   m i n e r a l   w i t h i n  mapped 
geo log ica l   boundar i e s   (wh ich  may n o t   n e c e s s a r i l y  
c o r r e s p o n d   t o   t h e  limits o f   d e p o s i t ) .  Where t h e  
area i s  n o t   d e f i n e d  by a mapped boundary ,   t ha t  i s ,  
where   the   boundary  i s  i n f e r r e d ,  a d i s t i n c t i v e  
symbol i s  u s e d .   E x p e r i e n c e   s u g g e s t s   t h a t   t h e  
e r r o r s   i n   d e t e r m i n i n g  area are u s u a l l y  small 
r e l a t i v e   t o   t h o s e   i n   t h i c k n e s s .  The r e l a t i o n s h i p  
S /S- < 1/3 i s  assumed i n  a l l  cases. It f o l l o w s  

f r o m   e q u a t i o n   [ 2 ]   t h a t  
A dm 

S- < S < 1.05s- . 
dm v dm 

7 The limits on t h e  estimate of mean t h i c k n e s s  of 
m i n e r a l ,  L- , may b e   e x p r e s s e d   i n   a b s o l u t e   u n i t s  

dm 

+( t / J n ) x S z   o r  as a p e r c e n t a g e  

+( t /Jn)S-   ( lOO/dm)  per   cent ,   where t i s  

S t u d e n t ' s  t a t  t h e   9 5   p e r   c e n t   p r o b a b i l i t y   l e v e l  
f o r  (n-1) d e g r e e s  of f r eedom,   eva lua ted  by 
r e f e r e n c e   t o  s t a t i s t i ca l  t a b l e s .   ( I n   a p p l y i n g  
S t u d e n t ' s  t i t  is  assumed t h a t   t h e   m e a s u r e m e n t s  
are d i s t r i b u t e d   n o r m a l l y ) .  

m 

dm 

8 Values  of t a t  t h e   9 5   p e r   c e n t   p r o b a b i l i t y  
l e v e l   f o r   v a l u e s   o f  n up t o  20 are as f o l l o w s :  

n 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

t 
i n f i n i t y  
12.706 

4.303 
3.182 
2.776 
2.571 
2.447 
2.365 
2.306 
2.262 

n 
11 
1 2  
1 3  
14 
15  
16  
17  
18 
1 9  
20 

t 
2.228 
2.201 
2.179 
2.160 
2.145 
2.131 
2.120 
2.110 
2.101 
2.093 

( f rom  Tab le   12 ,   B iomet r ika   Tab le s   fo r  
S t a t i s t i c i a n s ,  Volume 1, Second  Edition,  Cambridge 
U n i v e r s i t y   P r e s s ,   1 9 6 2 ) .  When n i s  g r e a t e r   t h a n  
20,  1.96 i s  u s e d   ( t h e   v a l u e   o f  t when n is 
i n f i n i t y ) .  

9 I n   c a l c u l a t i n g   c o n f i d e n c e  limits f o r  volume, 
L t h e   f o l l o w i n g   i n e q u a l i t y   c o r r e s p o n d i n g   t o  v '  
e q u a t i o n  [3] i s  a p p l i e d :  L- < Lv t1.05L- . 

dm  dm 

10 I n  summary, f o r   v a l u e s   o f  n between 5 and  20,  
L i s  c a l c u l a t e d  as 

V 

[ ( 1 . 0 5 t ) / ~ m ] x [ J ~ ( d m - ~ m ) 2 / n ( n - 1 ) ] ~ 1 0 0  p e r   c e n t ,  

and when  n i s  g r e a t e r   t h a n  20, as  

[ ( 1 . 0 5 ~ 1 . 9 b ) / ~ ~ ] x [ J ~ ( d ~ ~ d ~ ) ~ / n ( n - 1 ) ] x 1 0 0  p e r   c e n t  
( w e i g h t i n g   f a c t o r s  may be i n c l u d e d :  see pa rag raph  
15) .  

11 The a p p l i c a t i o n   o f   t h i s   p r o c e d u r e   t o  a 
f i c t i t i o u s  area is  i l l u s t r a t e d .  

Inferred a s s e s s m e n t  
12   I f   t he   s ampled  area o f   m i n e r a l   i n  a r e s o u r c e  
b lock  i s  between 0.25km2 and 2km2 an   a s ses smen t  
i s  i n f e r r e d ,   b a s e d  on geo log ica l   and   t opograph ica l  
i n f o r m a t i o n   u s u a l l y   s u p p o r t e d  by the   da t a   f rom  one  
o r  two b o r e h o l e s .  The  volume  of  mineral  i s  
c a l c u l a t e d  as t h e   p r o d u c t  of t h e  area, measured 
from f i e l d   d a t a ,   a n d   t h e   e s t i m a t e d   t h i c k n e s s .  
Confidence limits are n o t   c a l c u l a t e d .  

13 I n  some c a s e s  a r e s o u r c e   b l o c k  may i n c l u d e   a n  
area l e f t   u n c o l o u r e d  on t h e  map, w i t h i n   w h i c h  
m i n e r a l   ( a s   d e f i n e d )  i s  i n t e r p r e t e d   t o   b e  
g e n e r a l l y   a b s e n t .   I f   t h e r e  i s  r e a s o n   t o   b e l i e v e  
t h a t  some m i n e r a l  may b e   p r e s e n t ,   a n   i n f e r r e d  
a s ses smen t  may be made. 

1 4  No asses smen t  i s  a t t e m p t e d   f o r   a n   i s o l a t e d  
area of   minera l  less t h a n  0.25km2. 

15  N o t e  on w e i g h t i n g  The  th ickness   o f  a d e p o s i t  
a t  a n y   p o i n t  may be   gove rned   so l e ly  by t h e  
p o s i t i o n   o f   t h e   p o i n t   i n   r e l a t i o n   t o  a broad 
t rend .   However ,   mos t   sand   and   grave l   depos i t s  
a l s o   e x h i b i t  a random p a t t e r n   o f   l o c a l ,   a n d  
s o m e t i m e s   c o n s i d e r a b l e ,   v a r i a t i o n   i n   t h i c k n e s s .  
Thus   t he   d i s t r ibu t ion   o f   s ample   po in t s   need   be  
o n l y   a p p r o x i m a t e l y   r e g u l a r   a n d   i n   e s t i m a t i n g   t h e  
mean t h i c k n e s s   o n l y   s i m p l e   w e i g h t i n g  i s  
n e c e s s a r y .   I n   p r a c t i c e ,   e q u a l   w e i g h t i n g   c a n   o f t e n  
b e   a p p l i e d   t o   t h i c k n e s s e s  a t  a l l  s a m p l e   p o i n t s .  
I f ,  however ,   there  is  a d i s t i n c t l y   u n e q u a l  
d i s t r i b u t i o n   o f   p o i n t s ,   b i a s  i s  avoided  by 
d i v i d i n g   t h e   s a m p l e d  area i n t o   b r o a d   z o n e s ,   t o  
each  of  which a v a l u e   r o u g h l y   p r o p o r t i o n a l   t o  i t s  
area i s  a s s i g n e d .   T h i s   v a l u e  i s  t h e n   s h a r e d  
be tween   t he   da t a   po in t s   w i th in   t he   zone  as t h e  
w e i g h t i n g   f a c t o r .  

APPENDIX C 

CLASSIFICATION AND DESCRIPTION OF SAND AND GRAVEL 

For   t he   pu rposes   o f   a s ses s ing   r e sources   o f   s and  
and   g rave l  a c l a s s i f i c a t i o n   s h o u l d   t a k e   a c c o u n t   o f  
e c o n o m i c a l l y   i m p o r t a n t   c h a r a c t e r i s t i c s   o f   t h e  
d e p o s i t s ,  i n  p a r t i c u l a r   t h e   a b s o l u t e   c o n t e n t   o f  
f i n e s  and t h e   r a t i o  o f   s and   t o   g rave l .  

The t e rmino logy  commonly used by g e o l o g i s t s  
when desc r ib ing   s ed imen ta ry   rocks   (Wen twor th ,  
1922)  i s  n o t   e n t i r e l y   s a t i s f a c t o r y   f o r   t h i s  
purpose.   For   example,   Wentworth  proposed  that  a 
d e p o s i t   s h o u l d  be d e s c r i b e d  as a ' g r a v e l l y   s a n d '  
when i t  c o n t a i n s  more  sand  than  gravel   and  there  
i s  a t  l eas t  10 p e r   c e n t   o f   g r a v e l ,   p r o v i d e d   t h a t  
t h e r e  i s  less t h a n   1 0   p e r   c e n t   o f  material f i n e r  
t h a n   s a n d   ( l e s s   t h a n  %am)  and c o a r s e r   t h a n   p e b b l e s  
(more  than 64mm i n   d i a m e t e r ) .   B e c a u s e   d e p o s i t s  
c o n t a i n i n g   m o r e   t h a n   1 0   p e r   c e n t   f i n e s  are n o t  
embraced  by t h i s   s y s t e m  a m o d i f i e d   b i n a r y  
c l a s s i f i c a t i o n   b a s e d  on Wil lnan  (1942)   has   been 
adop ted .  

When t h e   f i n e s   c o n t e n t   e x c e e d s   4 0   p e r   c e n t   t h e  
material i s  n o t   c o n s i d e r e d   t o  be p o t e n t i a l l y  
w o r k a b l e   a n d   f a l l s   o u t s i d e   t h e   d e f i n i t i o n  of 
m i n e r a l .   D e p o s i t s   w h i c h   c o n t a i n   4 0   p e r   c e n t   f i n e s  
o r  less are c l a s s i f i e d  primarily on t h e   r a t i o   o f  
s a n d   t o   g r a v e l   b u t   q u a l i f i e d   i n   t h e   l i g h t   o f   t h e  
f i n e s   c o n t e n t ,  as f o l l o w s :  less t h a n   1 0   p e r   c e n t  
f i n e s  - no q u a l i f i c a t i o n ;  10 per   cen t   o r   more   bu t  
less t h a n   2 0   p e r   c e n t   f i n e s  - ' c l a y e y '  ; 20 t o  40 
p e r   c e n t   f i n e s  - ' v e r y   c l a y e y ' .  

The term ' c l a y '   ( a s   w r i t t e n ,   w i t h   s i n g l e   q u o t e  
marks)  i s  u s e d   t o   d e s c r i b e  a l l  material p a s s i n g  



.f-, mm. Thus i t  h a s  no m i n e r a l o g i c a l   s i g n i f i c a n c e  
and i n c l u d e s   p a r t i c l e s   f a l l i n g   w i t h i n   t h e   s i z e  
range   of  s i l t .  The   normal   meaning   appl ies   to   the  
term  c lay  where i t  d o e s   n o t   a p p e a r   i n   s i n g l e  
q u o t a t i o n   m a r k s .  

The r a t i o  of  sand t o   g r a v e l   d e f i n e s   t h e  
boundar ies   be tween  sand ,   pebbly   sand ,   sandy  grave l  
and   g rave l   ( a t   19 :1 ,   3 : l   and  1:l). 

Thus i t  i s  p o s s i b l e   t o   c l a s s i f y   t h e   m i n e r a l  
i n t o   o n e   o f   t w e l v e   d e s c r i p t i v e   c a t e g o r i e s   ( s e e   t h e  
f i g u r e  a t  the   end   o f   t h i s   Append ix ) .  The 
procedure i s  a s   f o l l o w s :  
1 C l a s s i f y   a c c o r d i n g   t o   r a t i o   o f   s a n d   t o   g r a v e l .  
2 D e s c r i b e   f i n e s .  / 

For  example,  a d e p o s i t   g r a d i n g  11 p e r   c e n t  
g rave l ,   70   pe r   cen t   s and   and   19   pe r   cen t   f i nes  is 
c l a s s i f i e d   a s  'clayey'  pebbly sand. T h i s   s h o r t  
d e s c r i p t i o n  i s  i n c l u d e d  i n  t h e   b o r e h o l e   l o g   ( s e e  
Note 11 , Appendix D )  . 

Many d i f f e r i n g   p r o p o s a l s   e x i s t   f o r   t h e  
c l a s s i f i c a t i o n   o f   t h e   g r a i n   s i z e   o f   s e d i m e n t s  
( A t t e r b e r g ,   1 9 0 5 ;  Udden, 1914;  Wentworth,  1922; 
Wentworth,   1935;  Allen,   1936;  Twenhofel,   1937; 
Lane   and   o thers ,   1974) .  A s  Archer   (1970a,b)   has  
emphas i sed ,   t he re  i s  a p r e s s i n g   n e e d   f o r  a s imple  
m e t r i c  scale a c c e p t a b l e   t o   b o t h   s c i e n t i f i c  and 
e n g i n e e r i n g   i n t e r e s t s ,   f o r   w h i c h   t h e   c l a s s  limit 
s i z e s   c o r r e s p o n d   c l o s e l y   w i t h   c e r t a i n   m a r k e d  
c h a n g e s   i n   t h e   n a t u r a l   p r o p e r t i e s   o f   m i n e r a l  
p a r t i c l e s .   F o r   e x a m p l e ,   t h e r e  i s  a n   i m p o r t a n t  
change   i n   t he   deg ree   o f   cohes ion   be tween   pa r t i c l e s  
a t  abou t   t he  &-mm s i z e ,   w h i c h   a p p r o x i m a t e s   t o   t h e  
gene ra l ly   accep ted   boundary   be tween  s i l t  and 
sand .   These   and   o ther   requi rements  are met by a 
system  based  on  Udden's   geometr ic  scale and a 
s impl i f ied   form  of   Wentwor th ' s   t e rminology,   which  
i s  u s e d   i n   t h i s   r e p o r t .  It a p p e a r s  a t  the  end  of  
t h i s  Appendix. 

The f a i r l y   w i d e   i n t e r v a l s   i n   t h e  scale are 
c o n s i s t e n t   w i t h   t h e   g e n e r a l   l e v e l   o f   a c c u r a c y  of 
t h e   q u a l i t a t i v e   a s s e s s m e n t s   o f   t h e   r e s o u r c e  

I 

II 

111 

IV 

V 

VI 

VI 1 

Vlll 

IX 

X 

XI 

XI I 

Gravel 

'Clayey'gravel 

'Very clayey'gravel 

Sandy gravel 

'Clayey'sandy gravel 

'Very clayey'sandy gravel 

Pebbly sand 

'Clayey' pebbly sand 

'Very clayey' pebbly sand 

Sand 

C l a s s i f i c a t i o n   o f   g r a v e l ,   s a n d   a n d   f i n e s  

S i z e  limits G r a i n - s i z e   Q u a l i f i c a t i o n   P r i m a r y  
d e s c r i p t i o n   c l a s s i -  

f i c a t i o n  

Cobble 
64 mm 

Coarse   Grave l  
16  mm P e b b l e  

F i n e  
4mm 

Coarse 
1mm 

th mm 
Sand Medium Sand 

F i n e  

F i n e s  
( s i l t  and 

c l a y  1 

F i n e s  

'Clay' i.e. fines (-1/16mm) 

'Clayey'sand 

'Veryclayey'sand VI Ill Absolute percentage 

V II 

IV I 

(+1/16-4  mm) Sand 9:1 3:l 1 :1 Gravel (+ 4 mm ) 
Ratio 

Sand Pebblysand Sandygravel Gravel 

Diagram  showing  the  descriptive  categories used in the  classification of sand and gravel 
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b l o c k s .   T h r e e   s i z e s   o f   s a n d  are r e c o g n i s e d ,   f i n e  
(+&-%mm), medium (+%-lmm) and c o a r s e  (+1-4 mm). 
The  boundary a t  16mm d i s t i n g u i s h e s  a range  of  
f i n e r   g r a v e l  (+4-16 mm), o f t e n   c h a r a c t e r i s e d   b y  
abundance  of   worn  tough  pebbles   of   vein-quartz ,  
f r o m   l a r g e r   p e b b l e s   o f t e n   o f   n o t a b l y   d i f f e r e n t  
materials. The  boundary a t  64mm d i s t i n g u i s h e s  
pebb les   f rom  cobb les .  The term ' g r a v e l '  i s  used  
l o o s e l y   t o   d e n o t e   b o t h   p e b b l e - s i z e d   a n d   c o b b l e -  
s i z e d  material. 

The s i z e   d i s t r i b u t i o n   o f   b o r e h o l e   s a m p l e s  is  
de termined  by s i e v e   a n a l y s i s ,   w h i c h  i s  p r e s e n t e d  
by t h e   l a b o r a t o r y  as l o g a r i t h m i c   c u m u l a t i v e   c u r v e s  
( s e e ,   f o r   e x a m p l e ,   B r i t i s h   S t a n d a r d   1 3 7 7 : 1 9 7 5 ) .  
I n  t h i s   r e p o r t   t h e   g r a d i n g  i s  t a b u l a t e d  on t h e  
bo reho le   r eco rd   shee t s   (Append ix  E ) ,  t h e  
i n t e r c e p t s   c o r r e s p o n d i n g   w i t h   t h e   s i m p l e   g e o m e t r i c  
scale & mm,  mm, 1 mm, 4 mm, 16 mm and so on as  
r e q u i r e d .   O r i g i n a l   s a m p l e   g r a d i n g   c u r v e s  are 
a v a i l a b l e   f o r   r e f e r e n c e  a t  t h e   a p p r o p r i a t e   o f f i c e  
o f   t h e   I n s t i t u t e .  

Each  bulk  sample i s  d e s c r i b e d ,   s u b j e c t i v e l y ,  by 
a g e o l o g i s t   a t   t h e   b o r e h o l e  s i te .  Being  based on 
v i s u a l   e x a m i n a t i o n ,   t h e   d e s c r i p t i o n   o f   t h e   g r a d i n g  
i s  i n e x a c t ,   t h e   a c c u r a c y   d e p e n d i n g  on t h e  
e x p e r i e n c e   o f   t h e   o b s e r v e r .   T h e   d e s c r i p t i o n s  
r e c o r d e d  are modi f ied ,  as n e c e s s s a r y ,  when t h e  
l a b o r a t o r y   r e s u l t s  become a v a i l a b l e .  

The r e l a t i v e   p r o p o r t i o n s   o f   t h e   r o c k   t y p e s  
p r e s e n t   i n   t h e   g r a v e l   f r a c t i o n  are i n d i c a t e d  by 
t h e   u s e   o f   t h e   w o r d s   ' a n d '   o r   ' w i t h ' .   F o r  
e x a m p l e ,   ' f l i n t   a n d   q u a r t z '   i n d i c a t e s   v e r y  
a p p r o x i m a t e   e q u a l   p r o p o r t i o n s   w i t h   n e i t h e r  
c o n s t i t u e n t   a c c o u n t i n g   f o r  less than   about   25   per  
c e n t   o f   t h e   w h o l e ;   ' f l i n t   w i t h   q u a r t z '   i n d i c a t e s  
t h a t   f l i n t  i s  d o m i n a n t   a n d   q u a r t z ,   t h e   p r i n c i p a l  
accesso ry   rock   t ype ,   compr i se s  5 t o  2 5   p e r   c e n t   o f  
the   whole .  Where t h e   a c c e s s o r y  material a c c o u n t s  
f o r  less t h a n  5 pe r   cen t   o f   t he   who le ,   bu t  i s  
s t i l l  r e a d i l y   a p p a r e n t ,   t h e   p h r a s e   ' w i t h  some' h a s  
been  used. Rare c o n s t i t u e n t s  are  r e f e r r e d   t o  as 

The terms u s e d   i n   t h e   f i e l d   t o   d e s c r i b e   t h e  
deg ree   o f   round ing   o f   pa r t i c l e s ,   wh ich  i s  
c o n c e r n e d   w i t h   t h e   s h a r p n e s s   o f   t h e   e d g e s   a n d  
co rne r s   o f  a c las t ic  f ragment   and   no t   the   shape  
( a f t e r   P e t t i j o h n ,  1975), are as f o l l o w s  

t race '  . 

Angular:   showing l i t t l e  o r  no e v i d e n c e  of  wear; 
sha rp   edges   and   co rne r s .  

S u b a n g u l a r :   s h o w i n g   d e f i n i t e   e f f e c t s  of wear. 
Fragments  s t i l l  h a v e   t h e i r   o r i g i n a l   f o r m   b u t   e d g e s  
and   co rne r s   beg in   t o   be   rounded   o f f .  

Subrounded:   showing  considerable  wear. The e d g e s  
a n d   c o r n e r s  are rounded   o f f   t o   smoo th   cu rves .  
O r i g i n a l   g r a i n   s h a p e  i s  s t i l l  d i s t i n c t .  

Rounded: o r i g i n a l   f a c e s   c o m p l e t e l y   d e s t r o y e d ,   b u t  
some c o m p a r a t i v e l y   f l a t   s u r f a c e s  may s t i l l  
remain. A l l  o r i g i n a l   e d g e s  and co rne r s   have   been  
s m o o t h e d   o f f   t o   r a t h e r   b r o a d   c u r v e s .   O r i g i n a l  
shape is  s t i l l  a p p a r e n t .  

Well-rounded: no o r i g i n a l   f a c e s ,   e d g e s   o r   c o r n e r s  
l e f t .  The e n t i r e   s u r f a c e   c o n s i s t s   o f   b r o a d  
c u r v e s ;   f l a t  areas are a b s e n t .   T h e   o r i g i n a l   s h a p e  
i s  s u g g e s t e d  by t h e   p r e s e n t   f o r m   o f   t h e   g r a i n .  
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APPENDIX D 

EXPLANATION OF THE ASSESSMENT RECORDS 

Annotated  example 

NT 25  SE 3l 2779  5297* Tweeddale Burn Wood, Temple 3 Block D 

Overburden '1. Om 
Mine ra l  0.9m 
Waste 0.2m 
Mine ra l  4 .  l m  
Waste 2 . l m  
Bedrock 0.4m+9 

Sur f  ace l e v e l  +27 5m 
(+902f t )  
Water s t r u c k  a t  +272m5 
250mm p e r c u s s i o n  6 
August  1982 

LOG 

Thickness*Depth 
m m 

L i t h o l o g y  G e o l o g i c a l   c l a s s i f i c a t i o n  

0.3 0.3 S o i  1, c l a y e y  

Alluvium" 

Glacial sand   and   grave l  

C l a y ,   s a n d y ,   w i t h   f i n e   g r a v e l   s i z e d   c l a s t s   o f  
sands tone   and   greywacke ,   modera te   reddish  brown 
(10 R 4 / 6 )  0.7 1.0 

a C layey '   g rave l  
G r a v e l :   c o a r s e   a n d   f i n e ,   s u b a n g u l a r   t o  

subrounded;  greywacke  with trace o f   s ands tone ,  
s i l t s t o n e   a n d   c h e r t  

qua r t z   and   rock   f r agmen t s  

brown (5 YR 4 / 4 )  

Sand: medium a n d   c o a r s e   w i t h   f i n e ,   s u b a n g u l a r ;  

F i n e s :   d i s s e m i n a t e d  s i l t  and   c lay ,   modera te  

0.9  1.9 

C l a y ,   s i l t y ,   l a m i n a t e d ,   f i r m ,   m o d e r a t e   r e d d i s h  brown 
(10 R 4 /6 )  0.2 2 .1  

4.1  6.2 b Grave l  
G r a v e l :   f i n e   a n d   c o a r s e ,   s u b a n g u l a r   t o  

subrounded;   g reywacke   wi th   t race  of a n d e s i t e ,  
s a n d s t o n e ,   c h e r t   a n d   v e i n - q u a r t z  

s u b a n g u l a r   t o   s u b r o u n d e d ;   q u a r t z   a n d   r o c k  
f r agmen t s  

F i n e s :   d i s s e m i n a t e d  s i l t  and   c l ay ,   modera t e  
brown  (5 YR 4 /4 )  

Sand: medium and   coa r se   w i th  some f i n e ,  

T i l l  C l a y ,   s a n d y ,   s t o n y ,   v e r y   s t i f f ,   m o d e r a t e   r e d d i s h  brown 
(10 R 4 / 6 )   t o   g r e y i s h  brown (5 YR 3 / 2 )   w i t h   c l a s t s   o f  
greywacke  and  sandstone;  below 7.4m moderate   red 
( 5  R 4 /6 )   and   w i th  much decomposed  sandstone  and some 
c o a l  2 .1   8 .3  

0.4+  8.7 
C a r b o n i f e r o u s   ( C a l c i f e r o u s  
Sands tone   Measures)  

S i l t s t o n e s ,   s l i g h t l y   m i c a c e o u s ,   h a r d ,   u n b e d d e d ,  
moderate   red  (5  R 4 /6 )  

Grading 

Mean fo r   Depos i t15  
p e r c e n t a g e s  

Depth  below 
su r face   (m>I2  

f r o m   t o  

pe rcen tages   l 3  

F ines   Sand  Gravel  

-4, A-% +&-1 +1-4  +4-16  +16-64 +64 IND 

-----~- 
14 6 12  14 25 29 0 

9 7 12 19  38 1 5  0 

2 2 6 16  38  36 0 6  
3 3 8 12 34  40 0 5  

12 9 1 4  17 28 20 0 ql* 

8 5 11 16  32 28 0 

Fines   Sand  Gravel  

--- 
8 32  60 1.0- 1.9 

2.1-  3.1 
3.1- 4.1 
4.1-  5.1 
5.1- 6.2 

Mean 
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The  numbered  paragraphs  below  correspond  with  the 
annota t ions   g iven   on   the   spec imen  record   above .  

1 B o r e h o l e   r e g i s t r a t i o n   n u m b e r  
Each I n d u s t r i a l   M i n e r a l s   A s s e s s m e n t   U n i t  (IMAU) 
b o r e h o l e   o r   s h a l l o w   p i t  i s  i d e n t i f i e d  by a 
r e g i s t r a t i o n  number. T h i s   c o n s i s t s   o f  two 
s t a t e m e n t s .  

1 The  number  of the  1:25000  sheet   on  which 
t h e   b o r e h o l e  l ies,  f o r  example NT 25 
2 T h e   q u a r t e r  of t he   1 :25000   shee t  on which 
t h e   b o r e h o l e  l i e s  and i ts  number i n  a series 
f o r   t h a t   q u a r t e r   f o r   e x a m p l e  SE  3 

T h u s   t h e   f u l l   r e g i s t r a t i o n  number i s  NT 25 SE 3. 
U s u a l l y   t h i s  i s  a b b r e v i a t e d   t o   2 5  SE 3 i n   t h e  
t e x t .  

2 The N a t i o n a l   G r i d   r e f e r e n c e  
A l l  N a t i o n a l   G r i d   r e f e r e n c e s   i n   t h i s   p u b l i c a t i o n  
l i e  w i t h i n   t h e  100-km s q u a r e  NT. G r i d   r e f e r e n c e s  
are g i v e n   t o   e i g h t   f i g u r e s ,   a c c u r a t e   t o   w i t h i n  10m 
f o r   b o r e h o l e   l o c a t i o n s .   ( I n   t h e   t e x t ,   s i x - f i g u r e  
g r i d   r e f e r e n c e s  are u s e d   f o r  more  approximate 
l o c a t i o n s ,   f o r   e x a m p l e ,   f o r   q u a r r i e s   a n d   f a r m s . )  

3 L o c a t i o n  
T h e   p o s i t i o n   o f   t h e   b o r e h o l e  i s  r e f e r r e d   t o   t h e  
n e a r e s t  named l o c a l i t y  on the   1 :25000  base  map, 
fo l lowed  by t h e  name o f   t he   pa r i sh .   The   r e source  
b l o c k   i n   w h i c h  i t  l i e s  i s  a l s o   s t a t e d .  

4 S u r f a c e   l e v e l  
T h e   s u r f a c e   l e v e l  a t  the   s ample   po in t  i s  g i v e n   i n  
metres above  Ordnance Datum. Measurements were 
made i n  metres, a p p r o x i m a t e   c o n v e r s i o n s   t o   f e e t  
are g i v e n   i n   b r a c k e t s .   S i t e s  of bo reho les   and  
most p i t s  were l e v e l l e d   f r o m   e i t h e r   s p o t   h e i g h t s  
o r   b e n c h   m a r k s ,   t h e   p r e c i s i o n   o f   t h e   f i g u r e  
r e f l e c t i n g   t h e   n a t u r e   o f   t h e   p o i n t  of o r i g i n .  
The s u r f a c e   l e v e l s  of t h e   r e m a i n i n g   p i t  s i tes were 
es t ima ted   f rom  con tour s  on 1: 10000 and 1: 10560 
s h e e t s   a n d  are p r o b a b l y   a c c u r a t e   t o   p l u s   o r   m i n u s  
two metres; s u c h   e l e v a t i o n s  are p r e f i x e d  by t h e  
l e t t e r  ' c ' .  

5 Groundwater   condi t ions  
I f   g r o u n d w a t e r  was p r e s e n t   t h e   l e v e l  a t  which i t  
was e i t h e r   e n c o u n t e r e d   o r   s t a t i c a l l y   m e a s u r e d  i s  
n o r m a l l y   g i v e n   ( i n  metres above  Ordnance  Datum). 

6 Method  and da te   o f   sampl ing  
M o d i f i e d   s h e l l   a n d   a u g e r   r i g s  were u s e d   f o r   t h e  
d r i l l i n g   o f   b o r e h o l e s   i n   t h i s   s u r v e y .   T h e  
d r i l l i n g  me thod ,   t he   ex t e rna l   d i ame te r  of t h e  
c a s i n g   u s e d ,   a n d   t h e  month  and year   o f   comple t ion  
of t h e   b o r e h o l e  are  g iven .   Where   appropr ia te  
o the r   me thods   o f   s ampl ing   a r e   s t a t ed   ( fo r   example ,  
sampling by hand).  

7 Overburden ,   minera l ,  waste and  bedrock 
Mine ra l  i s  sand  and  gravel   which,  as p a r t  of a 
d e p o s i t ,   f a l l s   w i t h i n   t h e   a r b i t r a r y   d e f i n i t i o n   o f  
p o t e n t i a l l y   w o r k a b l e  material ( s e e  p. 1). The 
summary o f   m i n e r a l   t h i c k n e s s e s  may i n c l u d e   w a s t e  
p a r t i n g s :   t h e   a g g r e g a t e d  waste t h i c k n e s s  i s  g iven  
i n   b r a c k e t s   a n d   h a s   b e e n   e x c l u d e d   i n   t h e  
a s ses smen t  of resources .   Consequent ly   minera l  
t h i c k n e s s e s   g i v e n   i n   T a b l e s  9 t o   1 5  may n o t  
c o r r e s p o n d   p r e c i s e l y   w i t h   t h e   l o g s .   B e d r o c k  i s  
t h e   ' f o r m a t i o n ' ,   ' c o u n t r y   r o c k '   o r   ' r o c k   h e a d '  
be low  wh ich   po ten t i a l ly   workab le   s and   and   g rave l  
w i l l  not   be   found.   Waste  i s  any material o t h e r  
t han   bed rock   o r   mine ra l .  Where w a s t e   o c c u r s  
b e t w e e n   t h e   s u r f a c e   a n d   m i n e r a l  i t  i s  c l a s s i f i e d  
as overburden.  

8 Th ickness   and   dep th  
A l l  measurements  were made i n  metres. 

9 T h e   p l u s   s i g n  (+) i n d i c a t e s   t h a t   t h e   b a s e  of 
t h e   d e p o s i t s  was n o t   r e a c h e d   d u r i n g   d r i l l i n g   o r  
sampling. 

10 G e o l o g i c a l   c l a s s i f i c a t i o n  
T h e   g e o l o g i c a l   c l a s s i f i c a t i o n  i s  g iven   whenever  
p o s s i b l e .  

11 L i t h o l o g i c a l   d e s c r i p t i o n  
When s a n d   a n d   g r a v e l  i s  reco rded  a g e n e r a l  
d e s c r i p t i o n   b a s e d   o n   t h e  mean g r a d i n g  
c h a r a c t e r i s t i c s   ( f o r   d e t a i l s  see Appendix C )  is  
fo l lowed  by  more d e t a i l e d   p a r t i c u l a r s .   T h e  
d e s c r i p t i o n   o f   o t h e r   r o c k s  i s  based on v i s u a l  
e x a m i n a t i o n ,   i n   t h e   f i e l d .  Details o f   c o l o u r  are 
based   on   t he   Rock-co lo r   Cha r t   d i s t r ibu ted  by t h e  
G e o l o g i c a l   S o c i e t y   o f  America: t h e   c o l o u r  i s  
fo l lowed  by t h e   r e l e v a n t   c o l o u r   c o d e .  

12  Sampling 
A con t inuous  series of   bulk  samples  i s  t a k e n  
t h r o u g h   t h e   t h i c k n e s s  of sand  and  gravel .  A new 
sample i s  commenced whenever   there  i s  a n  
a p p r e c i a b l e   l i t h o l o g i c a l   c h a n g e   w i t h i n   t h e   s a n d  
a n d   g r a v e l   o r   i d e a l l y  a t  eve ry  l m  of   depth.  

13 G r a d i n g   r e s u l t s  
The r e s u l t s  are e x p r e s s e d  as p e r   c e n t  by we igh t  
r e t a i n e d  on B r i t i s h   S t a n d a r d   s i e v e s  whose a p e r t u r e  
s i z e s  are g i v e n   i n   m i l l i m e t r e s   o r   f r a c t i o n s  
t h e r e o f .  

14 Bai l ed   s amples  
F u l l y   r e p r e s e n t a t i v e   s a m p l i n g  of   sand   and   grave l  
i s  d i f f i c u l t   t o   a c h i e v e ,   p a r t i c u l a r l y   w h e r e  
g r o u n d w a t e r   l e v e l s  are  high.  Comparison  between 
b o r e h o l e s   a n d   a d j a c e n t   e x p o s u r e s   s u g g e s t s   t h a t   i n  
b o r e h o l e   s a m p l e s   t h e   p r o p o r t i o n  of sand may be 
h i g h e r   a n d   t h e   p r o p o r t i o n   o f   f i n e s   a n d   c o a r s e  
g r a v e l  (+16mm)  may be  lower.   Samples   obtained by 
t h e   b a i l i n g   t e c h n i q u e   ( t h a t  i s ,  f r o m   d e p o s i t s  
be low  the  water t a b l e )  are i n d i c a t e d   t h u s :  3. 

1 5  Mean g r a d i n g  
The g r a d i n g  of t h e   f u l l   t h i c k n e s s  of t h e   m i n e r a l  
d e p o s i t   i d e n t i f i e d   i n   t h e   l o g  i s  t h e  mean o f   t he  
i n d i v i d u a l   s a m p l e   g r a d i n g s   w e i g h t e d  by t h e  
t h i c k n e s s   r e p r e s e n t e d .   T h e   c l a s s i f i c a t i o n   u s e d  i s  
shown i n   t h e   T a b l e   i n   A p p e n d i x  C. Where  two o r  
more d i s t i n c t   m i n e r a l   u n i t s   f o r m   c o n t i n u o u s  
s e q u e n c e s ,   t h e  mean g r a d i n g s  of t h e s e  are a l s o  
g i v e n   u n d e r   e a c h   u n i t .   T r a c e   a m o u n t s  are 
i n d i c a t e d   t h u s :  **. F o r   m u l t i p l e   m i n e r a l   u n i t s ,  
each  i s  d e s i g n a t e d  by a l e t t e r ,  f o r   e x a m p l e ,  a ,  b 
etc.  

4 1  



APPENDIX E 

INDUSTRIAL MINERALS ASSESSMENT 
SHALLOW PIT RECORDS 

NT 25 W 74 

Surface  level  +253.6m 
(+832.0ft) 
Water  struck  (perched)  at 
+252.2m 
250mm  percussion 
August  198  2 

LOG 

Geological  classification 

~ ~ ~ ~ ~~ ~~~~ ~~~ ~ 

Head 

Fluvioglacial  sand  and  gravel 

T i l l  

Grading 

UNIT BORJ%IOLE AND 

2075 5938 Carsewell, Penicuik 

Lithology 

Soil,  sandy,  pebbly,  moderate  brownish  grey 

Clay,  sandy  and  silty,  firm,  reddish  brown,  with 
angular to subangular  fragments  of  red  and  yellow 
sandstones  and  coal 

a 'Very  clayey'  pebbly  sand 
Gravel:  fine  and  coarse  with  rare  cobbles, 
subrounded  to well  rounded;  yellow  and  white 
sandstones  with  coal,  shale,  andesite,  vein- 
quartz  and  rare  greywacke  and  felsite 
Sand: fine  with  medium  and  some  coarse, 
subangular to subrounded;  quartz  with  some  rock 
fragments 

to  2.0m,  moderate  brown ( 5  YR 3 / 4 )  
Fines:  silt,  disseminated  but  in  seams  from 1.6  

b 'Clayey'  sandy  gravel 
Gravel:  fine  and  coarse  with  rare  cobbles, 
angular to rounded;  grey,  cream  and  red 
sandstones  with  felsite,  quartzite,  andesite, 
vein-quartz,  shale  and  rare  schist,  dolerite 
and  psammite 

subrounded;  quartz  with  rock  fragments, 
feldspar and  coal 

and  clay  binding  the  deposit 

Sand: fine  with  medium  and  coarse,  subangular to 

Fines:  moderate  yellowish  brown (10 YR 5 / 4 )  silt 

Clay,  stony,  stiff,  dusky  yellowish  brown (10 YR 2/2), 
with  clasts  of  grey,  red  and  cream  sandstones, 
quartzite,  limestone,  carbonaceous  shale,  coal, 
greenstone,  granite,  felsite  and  basalt 

Borehole abandoned  owing  to  slow  progress 

Mean for  Deposit Depth  below 
percentages surf  ace (m) 

Fines Sand  Gravel 

from to 

a  23 67 10 0.8- 1.8 
1.8- 2.8 

Mean 

b 11 49 40 2.8- 3 .9  

a&b 18 61 2 1  Mean 

percentages 

Block C 

Overburden 0.8m 
Mineral 3. lm 
Waste 7.lm+ 

Thickness Depth 
m m 

0.4 0.4 

0.4 0.8 

2.0 2.8 

1.1 3.9 

7.1+ 11.0 

Fines Sand  Gravel 

4 +ti-% +%-1 +1-4 +4-16 +16-64 +64 mm 

20 50 26 2 2 0 0 
2 5  37 17 5 9 7 o s  
23 43  2 1  3 6 4 0 

11 25   18  6 17  23 o s  

18 37 20 4 10 11 0 
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NT 25 NU 75 

Surface  level  c+247m 
(c+811f t) 
Water  not  struck 
250 and  200mm  percussion 
August  1982 

LOG 

Geological  classification 

Glacial sand  and  gravel 

Glaciolacustrine  deposits 

2026 5857 Brunston,  Penicuik Block C 

Overburden 0.2m 
Mineral 2.7m 
Waste 1.7m 
Mineral 1. Om 
Waste 4.lm 
Bedrock 0.9m+ 

Lithology  Thickness  Depth 
m  m 

Soil,  sandy, pale  brown 0.2  0.2 

a  Gravel 2.7  2.9 
Gravel: fine  and  coarse  with  some  cobbles, 
subangular to rounded;  cream  and  red  sandstones 
and  andesite  with  quartzite,  vein-quartz, 
felsite,  ironstone  and  greywacke 

subrounded;  quartz  and  rock  fragments 

brown (5  YR 4/4) 

Sand: fine, medium  and  coarse,  subangular  to 

Fines:  disseminated  silt  and clay,  moderate 

Silt,  laminated  and  with  scattered  pebbles;  sandy 
towards  base,  moderate  brown (5 YR 4/4) 

b 'Very  clayey'  sand  with  rare fine  gravel 
Sand: fine,  with  some  medium,  subangular to 
subrounded;  quartz,  feldspar  and  rock  fragments 
with  some  coal 

silt 
Fines:  thin  seams  of  moderate  brown (5 YR  4/4) 

Silt,  moderate  brown (5 YR 4/4)  laminated  and sandy, 
with  some  pebbles  of  sandstone,  quartz,  andesite, 
dolerite  and  porphyry;  some  clay  laminae  and  coal 
fragments.  Also  solifluction  deposits  of  stony  clay 
less  than O.lm  thick 

Clay,  stony,  greyish brown (5  YR  3/2)  to  dusky  brown 
(5 YR  2/2)  and  very hard, but soft  and  dark  reddish 
brown  below  8.9m;  contains  subrounded  pebbles of red 
and  white  sandstones,  greywacke,  basalt  and  andesite 
with  vein-quartz;  increasing  proportions of  red 
sandstone  below 8.9m 

Coal,  weathered  at  top,  with  grey  seatearth 

1.7 4.6 

1 .o 5.6 

1.9  7.5 

Till 

Carboniferous  (Limestone 
Coal Group) 

Grading 

Mean  for  Deposit 
percentages 

Depth  below 
surf  ace (m) 

Fines Sand  Gravel 

from to 
--- 

a  9  37  54 

b 26 73  1 

a&b 14  47 39 

0.2-  1.2 
1.2-  2.2 
2.2-  2.9 

Mean 

4.6- 5.6 

Me  an 

2.2 9.7 

0.9+ 10.6 

percentages 

Fines  Sand  Gravel 

4 6  &6-% +%-I +I -4  +4-16  +16-64  +64 ~ E I  

------- 
8 8 17 15 23 20 9 
9 8 17 13 25 28 0 
12  12 14 8 20 27 7 
9 9 16 12 23 26 5 

26 61 12 0 1 0 0 

14 23 15 9 17 18 4 

43 



NT 25 NW 76 

Surface  level c+254m 
(c+834f t) 
Water  not  struck 
250mm  percussion 
September  1982 

LOG 

Geological  classification 

Glacial sand  and  gravel 

Glaciolacustrine  deposits 

Glacial  sand  and  gravel 

Ti 11 

Garboniferous (Passage  Group) 

2032 5776 Brunstoo  Castle,  Penicuik 

T,ithology 

Soil, pale,  sandy  and  pebbly 

a  Gravel 
Gravel:  fine  with  some  coarse,  subangular  to 
rounded;  andesite  and  greywacke  with  sandstone, 
felsite,  chert,  quartz and  conglomerate 

to  rounded;  quartz  and  rock  fragments 
Sand:  medium  and  coarse  with  some  fine,  angular 

Fines:  silt 

b  'Very  clayey'  sand 
Sand: fine,  angular  to  rounded;  quartz  and  rock 

Fines:  seams  of  reddish  brown  micaceous  silt 
fragments 

Silt, very  sandy,  reddish brown,  micaceous 

c  'Very  clayey'  sand 
Sand: fine  with  some  medium,  angular to rounded; 

Fines: seams of moderate  brown (5 YR 3 / 4 )  
quartz  and  rock  fragments 

micaceous  silt 

Silt,  moderate  brown (5 YR 3 / 4 ) ,  very  sandy,  micaceous 

d 'Very  clayey'  sand 
Sand: fine  with  medium,  angular to rounded; 

Fines:  silt  seams,  moderate  brown 
quartz  and  rock  fragments 

e  Sandy  gravel 
Gravel: fine  with  coarse,  subangular to well 
rounded;  red  and  yellow  sandstones  with 
greywacke,  grit,  conglomerate,  andesite, 
dolerite,  felsite,  quartzite  and  vein-quartz 
Sand:  medium  with  fine  and  coarse,  angular  to 
rounded;  quartz  and  rock  fragments 

Fines:  silt 

Clay Y 

more 
stony,  stiff  and  pebbly in parts,  softer  and 
sandy  in  others,  moderate  brown (5 YR 4 / 4 )  to 

moderate  reddish  brown (10 YR 4 / 6 ) ,  containing  fine, 
coarse  and  cobble  gravel  sized  erratics of rounded 
reddened  limestone,  andesite,  yellowish  sandstone, 
rotted lavas,  mudstone  and  coal 

Sandstone,  yellowish,  friable  at  top,  becoming  harder 
with  depth 

Block  C 

Overburden 0.2m 
Mineral 1.8m 
Waste 1 .Om 
Mineral 2 .Om 
Waste O.5m 
Mineral 2.7m 
Waste 2.2m 
Bedrock 0.7m-t 

Thickness  Depth 
m m 

0.2 

0.8 

1 .o 

1.0 

2.0 

0.5 

1.0 

0.2 

1 .o 

2 .o 

3.0 

5.0 

5.5 

6.5 

1.7 8.2 

2.2 10.4  

0.7+ 11.1 
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Grading 

a 

b 

C 

d 

e 

b-d 

a& e 

a-e 

Mean for   Deposi t  Depth  below 
percentages s u r f a c e  (m) percentages 

Fines  Sand Gravel Fines Sand Gravel 

from t o  4 4 - 4  +%-1 +1-4 +4-16  +16-64  +64 
-_I_- ------- 

4 45 51  0.2-  1.0 4  5 25  1 5  4 0  11 0 

28 7 0  2 1.0- 2.0 28  66 3 1 2 0 0 

22 78  0 3.0- 5.0 22  68 1 0  ** ** 0 0 

23  77 0 5.5-  6.5 23   60  1 6  1 ** 0 0 

6 60 34  6.5-  8.2 6 11 39 10 2 0  14 0 

2 4   7 5  1 Mean 24  65 10 ** 1 0 0 

6  55 39 Mean 6  9 34   12  26   13  0 

17 68 1 5  Mean 17  44 1 9  5 10 5 0 
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NT i!b NW 77 2254 5983 Spear Gate Lodge, Penicuik Block C 

Surface  level +224.7m 
(+737.2ft) 
Groundwater  level +204.9m 
250 and  200mm  percussion . 
August  1982 

LOG 

Geological  classification  Lithology 

Overburden 0.4m 
Mineral 16. lm 
Waste 1.2m 
Mineral 6. lm 
Waste 1.2d 

Thickness Depth 
m  m 

Soil,  pebbly,  sandy 0.4 0.4 

Fluvioglacial  sand  and  gravel  a  Sandy  gravel 4.4 4.8 
Gravel:  fine  and  coarse  with  rare  cobbles, 
subangular to subrounded;  cream  and  red 
sandstones,  quartz,  andesite,  basalt,  felsite, 
dolerite  and  quartzite  with  some  chert  and 
mica-schist 

subangular to subrounded;  quartz,  with  feldspar 
and  rock  fragments 

moderate  brown (5 YR 4/4) 

Sand:  medium  and  coarse  with  some  fine, 

Fines:  silt,  disseminated  with  rare  seams, 

Glaciolacustrine  deposits 

Glacial sand  and  gravel 

Till 

b  Pebbly  sand 
Gravel:  fine  and  coarse,  subangular  to  rounded; 

Sand:  fine  and  medium  with a  little  coarse, 
chiefly  cream  sandstone  with  coal 

subangular to subrounded;  quartz  with  coal, 
some  rock  fragments,  mica  and  feldspar 

silt, disseminated  but with  seams  below  8.5m 
Fines:  moderate  yellowish  brown  (10 YR 5/4) 

c 'Very  clayey'  sand,  with  rare  pebbles  of  andesite, 

Sand: fine with  some  medium,  angular  to 
sandstone,  felsite,  vein-quartz  and  coal 

subrounded;  quartz  with  mica,  feldspar  and  some 
coal 

Fines:  light  brown (5 YR 5/4)  disseminated  silt 

Silt  and  clay, O.lm firm  pale  brown (5 YR 5/2)  stony 
clay  on  pale  brown (5 YR 5/2)  laminated  silt  with 
clay  and  sand  seams 

d 'Very  clayey'  sand 
Sand: fine  with  some  medium,  subangular;  quartz 
with  some  coal,  feldspar,  rock  and  mica 
fragments 

(10  YR  4/2) 
Fines: silt,  disseminated,  dark  yellowish  brown 

e  Pebbly  sand 
Gravel:  present  below  23.2m,  fine  and  coarse 
with  rare  cobbles,  angular  to  rounded; 
sandstone,  andesite,  coal,  felsite,  and  vein- 
quartz 

subangular to subrounded;  quartz  with  some 
coal,  feldspar,  rock  and  mica  fragments 
Fines:  disseminated  silt  and  seams  up  to  30mm 
thick  of  silt  with clay,  moderate  brown 
(5 YR  4/3)  to  23.2m,  dark  yellowish  brown 
( ' 0  YR  4/3)  below 

Sand:  fine  and  medium  with  rare coarse, 

Clay,  stony,  stiff,  greyish  brown (5 YR 4/2); clasts 
chiefly  of  sandstones  and  andesitic  lava  with  quartz, 
felsite  and  coal 

8.0 12.8 

3.7 16.5 

1.2  17.7 

1.5  19.2 

4.6 23.8 

1.2+  25.0 
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Grading 

Mean fo r  Depos i t  
p e r c e n t a g e s  

a 

b 

C 

d 

e 

a&b  

c&d 

a&b&e 

a-e 

Fines   Sand 

-- 
5 57 

6   8 6  

2 4   7 6  

31  69 

7 88 

6   75  

2 6   7 4  

6  79 

11 78 

Gravel  

38 

8 

0 

0 

5 

19 

0 

1 5  

11 

Depth  below 
s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  

f r o m   t o  

0.4-  1.4 
1.4-  2.5 
2.5-  3.6 
3.6-  4.8 

Mean 

4.8-  6.0 
6.0-   7 .4 
7.4-  8.5 
8.5-   9 .5 
9.5-10.8 

10.8-11.8 
11.8-12.8 
Mean 

12.8-14.0 
14.0-15.1 
15.1-16.5 
Mean 

17.7-19.2 

19.2-20.4 
20.4-22.5 
22.5-23.2 
23.2-23.8 
Mean 

Mean 

Mean 

Me a n  

Mean 

-t., 

5 
4 
4 
8 
5 

11 
4 
6 
7 
4 
9 
6 
6 

17 
20 
33  
24  

31  

5 
4 
9 

23  
7 

6 

26 

6 

11 

Sand 

A-% +%-1 +1-4 
--- 

4 
5 
4 

1 3  
7 

34 
2 3  
3 4  
47 
59 
7 2  
39 
44  

6 6  
7 5  
63 
68 

6 4  

7 2  
62  
8 3  
3 0  
6 4  

3 0  

67 

3 9  

46 

28 
35 
30 
1 6  
27 

42 
27 
47 
42 
37 
1 9  
47 
37 

1 6  
5 
4 
8 

5 

22 
3 4  

7 
7 

23 

33  

7 

31  

25 

22 
2 1  
29 
2 0  
23 

6 
1 8  

5 
1 
0 
0 
3 
5 

1 
0 
0 ** 

0 

1 
0 
1 
3 
1 

1 2  

** 

9 

7 

~ 

Grave l  

+4-16  +16-64  +64 mm 

--- 
27 
2 1  
20  
23 
23 

6 
21 

5 
3 
0 
0 
4 
6 

0 
0 
0 ** 

0 

0 
0 
0 

1 6  
2 

1 2  

** 

9 

7 

1 4  0 
1 4  0 
1 3  0 
2 0  0 
1 5  0 

1 0 
7 0 
3 0 
0 0 
0 0 
0 0 
1 0 
2 0 

0 0 
0 0 
0 0 
0 0 

0 0 

0 0 
0 0 
0 0 

21 0 
3 0 

7 0 

0 0 

6 0 

4 0 
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NT 25 NW 78 2304 5786 Dykeneuk, Penicuik Block G3 

S u r f a c e   l e v e l  d-236m 

Water s t r u c k   a t  d-234m 
P i t  
August 1982 

(c+77 5f t )  

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

Overburden 0.3m 
Minera l  1.3m 
Waste 0.4& 

Lithology  Thickness   Depth 
m m 

S o i l ,   s a n d y ,   c l a y e y ,   m o d e r a t e  brown 0.3  0.3 

' C l a y e y '   g r a v e l  1.3 1.6 
Grave l :   coa r se   w i th   f i ne   and   cobb les ,   r ed ,  

yel low  and brown sands tones ,   g reywacke ,  
s i l t s t o n e ,   g r i t ,   q u a r t z ,   f e l s i t e ,   a n d e s i t e ,  
q u a r t z i t e ,   c o a l ,   i r o n s t o n e   n o d u l e s   a n d   d i o r i t e  

Sand: f i n e   w i t h  medium and   coa r se ,   qua r t z   and  
rock   f r agmen t s ,   modera t e   t o   g rey i sh  brown 

F i n e s :   d i s s e m i n a t e d  s i l t  and   c l ay  

C l a y ,   s t o n y ,   s t i f f ,   r e d d i s h   b r o w n ,   w i t h   a n g u l a r   t o  
subrounded c las ts  of   sands tone ,   g reywacke ,  s i l t s t o n e ,  
s h a l e ,   c o a l ,   v e i n - q u a r t z   a n d   f e l s i t e  0.4+ 2.0 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel  Fines  Sand  Grave 1 

f r o m   t o  4 6  46-k +%-I +1-4 +4-16 +16-64  +64 mm 
--- ------- 
15 42  43 0.3- 1.6 1 5  22  13  7 1 2  2 3  8 

4 8  



NT 25 NW 7 9  

S u r f a c e   l e v e l  +245.0m 
(+803.8f t )  
Water s t r u c k  a t  +243.8m 
250  and 200mm p e r c u s s i o n  
August  198 2 

LOG 

2389 5719 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  

Netherton, Penicuik Block G3 

0.verburden 1.2m 
M i n e r a l  2.4m 
Waste 9.8m-t 

Thickness   Depth  
m m 

S o i l ,   p a l e  brown 0.2 0.2 

Alluvium Clay,   moderate  brown  (5 YR 4 / 4 )   t o   l i g h t  brown 
(5  YR 5/6), s o f t ,   w i t h   s a n d   l e n s e s ,  s i l t  s t r i n g e r s ,  
r o o t l e t s   a n d  mica, damp and  sandy  towards  base 1.0 1.2 

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l   ' C l a y e y '   s a n d y   g r a v e l  2.4  3.6 
G r a v e l :   c o a r s e ,   f i n e   a n d   c o b b l e ,   s u b a n g u l a r   t o  
well rounded;   greywacke,   red,   yel low  and  dark 
c o l o u r e d   s a n d s t o n e s   w i t h  some b a s a l t ,   p o r p h y r y ,  
t u f f ,   c o a l   a n d   c h e r t  

Sand: f i n e   w i t h  medium and   coa r se ,   subangu la r   t o  
rounded;   quar tz   and   rock   f ragments   wi th  some 
c o a l   d e b r i s  

F ines :  seams of   greyish  brown,   micaceous s i l t  

T i l l  C l a y ,   s t o n y ,   s o f t ,   s i l t y   a n d   u n c o n s o l i d a t e d   a t   t o p   b u t  
harder   be low 4.0m, moderate  brown (5 YR 3 / 4 ) ,  
c o n t a i n s   s u b a n g u l a r   t o  well rounded  pebbles   and 
c o b b l e s   o f   g r i t ,   g r e y w a c k e   a n d   v o l c a n i c   r o c k s ;   c l a y  
s o f t e r   a n d  damp below 5.0m. Below  8.0m c o l o u r  
g r e y i s h  brown (5 YR 3 / 2 )   t o   m o d e r a t e  brown 
(5  YR 3 /4 ) ,   ve ry   ha rd   and   w i th   l a rge   rounded   pebb les  
of   green muddy sands tone   and  cream q u a r t z i t e  9.8+  13.4 

Boreho le   abandoned   owing   t o   l ack   o f   p rog res s  

Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel  Fines  Sand  Grave 1 

from t o  --f-, -I+-% +k-1 +1-4 +4-16  +16-64  +64 mm 

17  47 36 1.2-  2.4 19 36 12 6 10 1 7  o §  
2.4-  3.6 15 2 5  9 7 1 3  1 4  17 § 

Mean 1 7  2 9  11 7 12 16  8 
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NT 25 NW 80 

Surface  level +258.0m 
(+846.5f t) 
Groundwater  level  +235.0m 
250 and  200mm  percussion 
September  1982 

LOG 

2465 5825 

Geological  classification  Lithology 

Howgate, Penicuik Block G3 

Overburden 0.4m 
Mineral 14 4m 
Waste 3.7m 
Mineral  1 5m 
Waste 1.7m 
Mineral 4.0n-t 

Thickness  Depth 
m  m 

Soil,  light,  sandy,  pebbly  loam 0.4 0.4 

Glacial sand  and gravel  a  'Very  clayey'  sand,  with  subangular  to  subrounded 
pebbles of sandstone,  andesite,  vein-quartz  and 
coal  between 8.4  and  10.lm 
Sand: fine with  some  medium  and a  little  coarse, 
fining  slightly  downwards,  subangular  to 
subrounded;  quartz  with  rock  fragments, 
feldspar  and  some  coal 

which  are  more  common  at  depth,  pale  yellowish 
brown (10 YR 6/2)  to moderate  brown ( 5  YR 4/4) 

Fines: silt, chiefly  in  seams  and  clay  films 

Glaciolacustrine  deposits Silt, very  sandy  with  clay  laminae,  dark  to  moderate 
yellowish  brown (10 YR 4/2 to 1.0 YR 5/4) 

b 'Very  clayey'  sand 
Sand:  fine  with  some  medium,  angular  to 
subrounded;  quartz  with  feldspar,  coal,  mica 
and  rare  rock  fragments 
Fines:  disseminated  silt  and  clay  films  and 
laminae,  dark to  moderate  yellowish  brown 
(10 YR 4/2 to 10 YR 5/4) 

silt, very  sandy,  with  clay  laminae,  dark  to  moderate 
yellowish  brown 

c 'Clayey'  sand 
Sand:  fine  with  some  medium  and coarse, 
subangular to  rounded; quartz  with  feldspar, 
coal,  rock  fragments  and  rare  mica 

Fines:  disseminated  silt,  dark  yellowish  brown 
(10 YR 4/3) 

14.4  14.8 

3.7  18.5 

1.5  20.0 

1.7 21.7 

4.0+ 25.7 
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Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) pe rcen tages  

F i n e s  Sand  Gravel  Fines  Sand  Grave 1 

f r o m   t o  -k A-% +%-1 +1-4 +4-16  +16-64  +64 mm 

a 2 5   7 4  1 0.4- 1.4 
1.4-  2.4 
2.4-  3.9 
3.9-  5.4 
5.4-  6.9 
6.9-  8.4 
8.4-10.1 

10.1-11.5 
11.5-13.2 
13.2-14.8 
Mean 

29 
2 1  
27 
1 2  
1 3  

7 
3 6  
36 
35 
2 6  
25 

64  4  
7 1  6 
62  8 
4 6   3 1  
66  18  
43   46  
36 2 1  
5 1   1 2  
38 22 
5 9   1 4  
52 19 

1 
1 
2 
9 
2 
4 
5 
1 
3 
1 
3 

2 
1 
1 
2 
1 
0 
2 
0 
2 
0 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

b 35  65  0 18  -5-20.0  35  55 10 0 0 0 0 

C 1 5   8 5  0 21.7-23.2  20  71  9  0 0 0 0 
2 3 . 2 - 2 5 . 7   1 2   7 2   1 6  0 0 0 O §  
Mean 1 5   7 2   1 3  ** 0 0 0 

b&c 21 7 9  0 Mean 2 1  67 1 2  ** 0 0 0 

a-c 2 3   7 6  1 Me an 23 57 17  2 1 0 0 
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NT 25 NE 134 

Surface level  +272m 
(+892f t> 
Groundwater  level  +254m 
250 and  200mm  percussion 
September  1982 

LOG 

Geological  classification 

Glacial  sand  and  gravel 

Cafboniferous  (Limestone Coal 
Group) 

2590 5820 Lilyburn, Lasswade 

T,ithology 

Soil,  dark  brown,  sandy  and  pebbly 

a 'Clayey'  gravel 
Gravel:  coarse  and  fine  with  some  cobbles, 
subangular to  well rounded;  chiefly  brown  and 
white  sandstones  with  dolerite,  andesite, 
mudstone,  greywacke  and  sporadic  quartz  and 
ironstone 

quartz  and  rock  fragments 

in parts 

Sand:  fine  with  medium  and coarse,  rounded; 

Fines:  brown  silt  and  clay  binding  the  deposit 

Clay,  stiff, laminated  in  parts,  moderate  brown  to 
dark  grey,  contains  sand  lenses  and  small  sandstone 
and  mudstone  pebbles 

b 'Very  clayey'  sandy  gravel 
Gravel:  fine  and  coarse  with  some  cobbles, 
subangular to well  rounded;  sandstone, 
greywacke  and  siltstone  with  some  andesite, 
felsite,  dolerite and sporadic  quartz 

Sand:  chiefly  fine,  rounded,  quartz  and  rock 
fragments 

Fines:  brown,  micaceous  silt  and  'binding'  clay 

c  Pebbly  sand 
Gravel:  fine  and  coarse,  components as above 
Sand:  fine  and  medium,  components  as  above 
Fines:  silt  and  clay 

d 'Clayey' sand,  with  a  few  siltstone and  sandstone 
pebbles  and  coal  debris 
Sand:  fine  with  medium,  rounded;  quartz  and  rock 

Fines:  disseminated  brown  micaceous  silt 
fragments 

e Sandy  gravel 
Gravel:  fine  and  coarse  with  some  cobbles, 
angular to well  rounded;  sandstone,  greywacke 
and  conglomerates  with  dolerite,  andesite, 
felsite and  sporadic  quartz  and  siltstone 

fragments 
Sand:  chiefly  medium,  rounded;  quartz  and  rock 

Fines:  brown  silt 

Sandstone,  whitish,  feldspathic  and  friable,  with  iron 
staining  and  coal  debris 

Block G3 

Overburden 0.3m 
Mineral 3.7m 
Waste 0.2m 
Mineral 20. Om 
Bedrock 0.8mf 

Thickness  Depth 
m  m 

0.3 

3.7 

0.3 

4.0 

0.2 4.2 

6.2 10.4 

2.1 12.5 

9.1 

2.6 

21.6 

24.2 

0.8+ 25.0 
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Grading 

Mean for  Deposit  
percentages 

a 

b 

C 

d 

e 

a&b 

a- c 

a-d 

b-d 

a-e 

F ines  Sand Gravel 

13 

23 

7 

10 

5 

20 

18 

1 5  

15 

13 

38 

44 

73 

90 

48 

42 

47 

65 

71 

64 

49 

33 

20 

0 

47 

38 

35  

20 

1 4  

23 

Depth  below 
sur face  (m) 

from t o  

0.3- 1.3 
1.3- 2.4 
2.4- 3.2 
3.2- 4.0 

Mean 

4.2- 5.3 
5.3- 6.3 
6.3- 7.3 
7.3- 8.3 
8.3- 9.3 
9.3-1 0.4 

Mean 

10.4-11.4 
11.4-12.5 
Mean 

12.5-13.5 
13.5-14.5 
14.5-15.5 
15.5-16.5 
16.5-17.5 
17.5-18.5 
18.5-19.5 
19.5-20.5 
20.5-21.6 
Mean 

21.6-22.6 
22.6-24.2 
Mean 

Me an 

Mean 

Me an 

Mean 

Mean 

percentages 

F ines  

4 

14 
1 6  
9 

13 
13 

31 
24 
2 1  
28 
23 
20 
23 

9 
5 
7 

4 
12  
10 
18 
8 

10 
7 

10 
11 
10 

5 
5 
5 

20 

18 

1 5  

15 

13 

Sand Gravel 

17 
21 
16 
12  
17 

28 
21 
22 
22 
29 
20 
24 

17 
42 
30 

26 
49 
87 
52 
31 
8 4  
78 
24 
66 
55 

14 
11 
12  

22 

23 

36 

41 

35 

1 5  
13 
12 

9 
12 

16 
1 4  
8 
7 
8 

1 6  
12 

40 
34 
37 

70 
39 
3 

29 
54 

6 
15  
64 
23 
34 

24 
27 
26 

1 2  

1 6  

24 

26 

24 

13 
7 
6 

10 
9 

6 
10 
6 
7 
7 
9 
8 

9 
3 
6 

0 
0 
0 
1 
5 
0 
0 
2 
0 
1 

9 
11 
10 

8 

8 

5 

4 

5 

22 
15  
15 
17 
17 

10 
18 
11 
1 4  
16 
17 
1 4  

12  
7 
9 

0 
0 
0 
0 
2 
0 
0 
0 
0 ** 

26 
19 
22 

1 5  

1 4  

8 

6 

10 

19 
28 
34 
26 
27 

9 
13 
17 
12  
12 
18 
14 

13 
9 

11 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

22 
27 
25 

18 

17 

10 

6 

11 

0 
0 
8 

13 
5 

0 
0 

1 5  
10 

5 
0 
5 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

5 

4 

2 

2 

2 
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NT 25 NE 135 2695 5586 Black Mount, Penicuik Block D 

Surface  level  +267m 
(+876f t) 
Water  seepage at +264m 
250mm  percussion 
September  1982 

LOG 

Geological  classification  Lithology 

Overburden 0.3m 
Mineral 1.8m 
Bedrock 1.lm-t 

Thickness  Depth 
m  m 

S o i l ,  brown,  sandy,  pebbly 0.3 0.3 

Glacial sand  and  gravel  'Clayey'  sandy  gravel 1.8 
Gravel:  fine  and  coarse,  subangular  to  well 
rounded;  sandstone,  greywacke,  siltstone and 
andesite 

quartz  and  rock  fragments 

binding  the  deposit  in  places 

Sand:  fine  with  medium  and  coarse,  rounded; 

Fines:  grey  and  brown  micaceous,  silty  clay 

2.1 

Carboniferous  (Lower  Limestone  Sandstone,  pale  brown  and  whitish,  iron  stained  in 
Group)  parts,  friable,  with  sporadic  carbonaceous  debris 1.1+ 3 . 2  

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines  Sand  Gravel  Fines Sand Gravel 

from to -4, +kc% +%-1  +1-4  +4-16  +16-64 +64 mm 

19  4 1  40 0.3- 0.9 27 36 1 5  6 8 8 0 
0.9- 1.5 12 8 7 13 31  29 0 
1.5-  2.1 17 14  10  14 25 20 0 

Mean 19  19 11 11 2 1  19 0 
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NT 25 NE 136 

Surface  level  +274m 
(+899f  t) 
Water  not  struck 
250 and  200mm  percussion 
August  1982 

LOG 

2663  5503 

Geological  classification  Lithology 

Cochir ,  Temple Block D 

Overburden  0.2m 
Mineral 2.6m 
Waste 15.Sm 
Bedrock 0.3mt 

Thickness  Depth 
m m 

Soil,  gravelly 0.2  0.2 

Glacial  sand  and  gravel  Gravel 2.6  2.8 
Gravel:  coarse  and  fine  with  rare  cobbles, 
subangular  to  subrounded;  chiefly  greywacke 
with  rare  andesite,  felsite,  quartz,  chert  and 
ironstone 

quartz  and  rock  fragments 

brown (5 YR 4 / 4 )  

Sand:  coarse  with  fine  and  medium,  subangular; 

Fines:  disseminated  silt  and  clay,  moderate 

Till Clay,  stony,  very  hard,  moderate  reddish  brown 
(10 R 4 / 6 )  to 10m,  moderate  red ( 5  R 4 / 6 )  below,  with 
subangular to subrounded  pebbles  of  sandstone, 
limestone,  greywacke  and  coal  and  below  10m  red 
sandstone  fragments 

Carboniferous  (Calciferous Sandstone  and  siltstone,  alternations  of  moderate  red 
Sandstone  Measures) (5 R 4/6)  silty  sandstone,  greenish  grey,  micaceous 

siltstone and  greenish  grey,  micaceous,  silty 
sands  tone 

Grading 

Mean  for  Deposit 
percentages 

Fines  Sand  Gravel 

1.5.5 18.3 

0.3+ 18.6 

Depth  below 
surface (m) percentages 

Fines  Sand  Gravel 

from to 4 4G-k +%-1 +1-4 +4-16 +16-64  +64 mm 

7 30 63  0.2-   1 .2 3 3 9 1 2   2 4   4 9  0 
1.2-  2.2 8 5 10 16 2 4  37 0 
2.2-  2.8 10 7 1 2  18 28 2 5  0 

Mean 7 5 10 1.5 25 38 0 
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NT 25 NE 137 2757 5770 Ankrielaw, Lasswade Block E 

Surface  level +273.7m 
(+898. Of t) 
Groundwater  level  at 253.5m 
250  and  200mm  percussion 
August  1982 

LOG 

Geological  classification  Lithology 

Overburden 0.2m 
Mineral 17.9m 
Waste 6.0m-l- 

Thickness  Depth 
m  m 

Soil, pale  brown,  sandy 0.2 0.2 

Glacial  sand  and  gravel  a  'Clayey'  sandy  gravel 10.4  10.6 
Gravel: fine and  coarse  with  some  cobbles, 
subangular to  rounded;.  sandstones, 
greywacke,  siltstone,  andesite,  dolerite, 
basalt,  quartz,  felsite,  limestone,  chert  and 
coal  fragments 
Sand:  medium  with  fine  and coarse,  subangular 
to  subrounded;  quartz,  rock  fragments,  feldspar 
and coal 
Fines:  disseminated  and  'binding' silt and clay, 
moderate  brown (5 YR 4/4)  to  dark  yellowish 
brown (10 YR 4/2) 

Till 

Glacial  sand  and  gravel 

Ti 11 

b 'Clayey' sand,  with  a  few  small  pebbles 
Gravel:  rare  fine  and  trace  of  coarse, 
subangular to  rounded;  sandstone  and  andesite 
with  greywacke  and  coal 

subrounded;  quartz  with  rock,  coal  and  feldspar 

yellowish  brown (10 YR 6/2) 

Sand: fine  with  some  medium,  subangular to 

Fines: silt,  disseminated  and  in  seams, 

c  Gravel 
Gravel:  fine  and  coarse  with  some  cobbles, 
subangular to rounded;  sandstone,  quartzite, 
greywacke,  andesite,  dolerite,  felsite,  quartz, 
silstone,  limestone  and  coal  fragments 

Sand:  coarse  with  medium  and  fine,  subangular  to 
subrounded;  quartz,  rock,  feldspar  and  coal 

Fines:  silt,  disseminated,  dusky  yellowish  brown 
(10 YR 3/2) 

Clay,  stony,  greyish  brown (5 YR 3/2)  to olive  black 
(5 R 2 / 1 ) ,  very stiff,  with  large  clasts  of  cream and 
red  sandstones,  andesite  and  dolerite;  smaller  clasts 
of  ironstone,  felsite,  shale,  mudstone,  impure 
limestone,  vein-quartz,  coal  and  basalt 

Gravel 
Gravel:  fine  and  coarse  with  rare  cobbles, 
chiefly  angular to subangular;  sandstones  and 
greywacke  with  ironstone,&  limestone  and  rare 
felsite 
Sand:  coarse  with  medium  and  fine,  angular  to 
subrounded;  quartz,  rock  fragments,  feldspar 
and  coal 

and  clay,  disseminated  and  in  thin  seams 
Fines:  moderate  yellowish  brown (10 YR 5/4) silt 

Clay,  stony,  silty,  dark  yellowish  brown, (10 YR 4/2), 
firm  to  stiff,  with  pebble  and  rare  cobble-sized 
clasts  of  greywacke and  andesite  with  rare 
Carboniferous  sediments 

5.1 15.7 

2.4  18.1 

4.0 22.1 

0.9 23.0 

1.1+  24.1 

Borehole terminated  owing  to  excessive  overburden 
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Grading 

a 

b 

c 

a & c  

a-c 

Mean f o r  Depos i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel  Fines  Sand  Grave 1 

from t o  4 &e-% +%-1 +1-4  +4-16  +16-64  +64 mm 
--- ------- 
l o  55  35 0.2- 1.5  14 37 30 8 5 6 0 

1.5-  2.5  7 14  22 22 23  12 0 
2.5- 3.5 12  17 28 1 3  18 12 0 
3.5- 4.5 8 10   35   15   17   15  0 
4.5- 5.5 9 8 17 18 25  23 0 
5.5- 6.8 11 7 10 17  32  23 0 
6.8-  7.8 9 27 47 6 8 3 0 
7.8- 8.8 10 14 10 11 20 22 1 3  
8.8- 9.8 10 11 18 1 5  24 18 4 
9.8-10.6 11 8 31 18 22 10 0 

Mean 10 16  25  14 19 14 2 

1 5   8 4  1 10.6-11.6 9 40 48 2 1 0 0 
11.6-12.4 22 67 8 2 1 0 0 
12.4-13.4 20 47 23 5 4 1 0 
13.4-14.5 1 5  44  40 1 0 0 0 
14.5-15.7 13  72 11 3 1 0 0 
Mean 1 5  55  26 3 1 ** 0 

6 42  52 15.7-17.2 8 9 19 19 23 22 0 

Mean 6 8 1 5  19 28  24 0 

9 53  38 Me an 9 14 24   15  21  16 1 

11 61 28 Mean 11 25 24 12  15  12 1 

17.2-18.1  2  5 8 20 38 27 O §  
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NT 25 NE 1.38 2755  5549 Side Moss, Penicuik Block D 

Surface  level  +265m 
(+869f t) 
Water  not  struck 
250mm  percussion 
August  1982 

LOG 

Geological  classification  Lithology 

Overburden 0. lm 
Mineral 6. l m  
Waste 4.3m 
Bedrock 1 . 2 d  

Thickness  Depth 
m  m 

Soil,  medium  brown,  pebbly,  sandy  and  silty 0.1 0.1 

Glacial  sand  and  gravel  a  Gravel 
Gravel:  coarse  and  fine  with  some  cobbles, 
subrounded to well  rounded;  predominantly 
greywacke  with some mudstone,  quartzite, 
quartz,  felsite  and  rare  sandstone 
Sand:  coarse  and  fine  with  some  medium, 
subangular to rounded,  greyish  brown 
(5 YR 3 / 2 ) ;  quartz  with  rock  fragments 

Fines:  disseminated  silt 

Till 

Carboniferous  (Calciferous 
Sandstone  Measures) 

b 'Very  clayey'  sandy  gravel 
Gravel: fine and  coarse  with  some  cobbles, 
angular to rounded;  greywacke  with red  and 
yellow  sandstones,  siltstone,  dolerite, 
felsite,  quartz,  shale  and  coal 

subrounded;  quartz and rock  fragments 

brown (10 R 3 / 4 )  

Sand: fine and  medium with  coarse,  angular to 

Fines:  disseminated  clay  and  silt,  dark  reddish 

Clay,  stony,  firm to stiff,  moderate  reddish  brown 
(10 R 4 / 6 )  to dark  reddish  brown (10 R 3 / 4 ) ,  with 
fine  gravel  to  cobble-sized  clasts  of  angular  to 
rounded  yellow  and red sandstones,  andesite,  coal, 
shale,  dolerite,  felsite,  greywacke  and  siltstone; 
deposit  is  very  sandy  from 6.5  to  6.9m 

Mudstone,  greyish red  (5 R 4 / 2 ) ,  with  pale  grey 
calcareous  nodules,  cryoturbated  at  top,  becoming 
less  weathered  with  depth 

5 .O 5.1 

1.1 6.2 

4.3 10.5 

1.2+  11.7 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

a 

Fines Sand  Gravel Fines Sand  Gravel 

from to 4 &-4 +%-1 +1-4  +4-16  +16-64  +64 INU 

6  31  63 0.1- 1.2 5  4  12  12 27 32 8 
1.2-  2.3  5  4 11 14  26  40 0 
2.3-  3.3 6 6 19  14  23  32 0 
3.3-  4.3  7 5 10 1 4  24   30   10  
4.3- 5.1 6  3  11 17 31  22 10 

Mean 6 4  13  14  26  32 5 

b 21  46  33  5.1-  6.2  21  21  16  9 19 14  0 

a&b 9 33 58 Me  an 9 7  13  13  25  29  4  
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NT 25 NE 139 

Surface  level  +240m 
(+787f  t) 
Water  struck  at +230m 
250mm  percussion 
August  1982 

LOG 

Geological  classification 

Fluvioglacial sand  and  gravel 

Till 

Glacial sand  and  gravel 

T i l l  

2877  5789 

Lithology 

Cauldhall,  Penicuik Block E 

Overburden 0.2m 
Mineral 2.9m 
Waste 1.0m 
Mineral 3.7m 
Waste 1.9m 
Mineral 1.3m 
Waste 1.3mt 

Thickness  Depth 
m  m 

Soil,  medium  brown,  sandy,  pebbly 0.2 0.2 

a  'Clayey'  pebbly  sand 
Gravel: fine and  coarse  with  some  cobbles, 
subangular to rounded;  yellow,  red  and  white 
sandstones,  greywacke,  siltstone,  dolerite, 
vein-quartz,  andesite  and  coal 
Sand:  fine  with  medium  and  some  coarse, 
subangular to subrounded;  quartz  with  rock 
fragments,  moderate  brown' (5 YR 3/4  to 
5  YR  4/4) 

base 
Fines:  disseminated  silt  with  seams  towards 

2.9  3.1 

Silt, very  sandy,  laminated,  moderate  brown (5 YR  4/4) 1.0 4.1 

b  'Clayey'  sandy  gravel 3.7 7.8 
Gravel: fine and  coarse  with  some  cobbles, 
subangular to well  rounded;  greywacke,  red, 
yellow and  buff  sandstones,  indurated 
siltstone,  quartz,  chert,  andesite  and  coal 

subrounded;  quartz,  with  rock  and  coal 
fragments,  moderate brown (5  YR 4/3  to 5  YR 

Sand:  fine  with  medium  and  coarse,  subangular  to 

4/41 
Fines:  seams of clay  and  silt at top, 
disseminated  below 5.2m 

Clay,  stony,  moderate  brown (5 YR 4/4)  and  stiff at 
top,  greyish  brown (5 YR  3/2)  and  very  stiff  below; 
contains  angular to  subrounded  pebbles  and  boulders 
of greywacke,  quartzite,  dolerite,  sandstone,  quartz, 
indurated  mudstone,  coal and shale 

c  Gravel 
Gravel:  coarse,  fine  and  cobble,  subangular  to 
rounded;  red  and  yellow  sandstones,  greywacke, 
silstone,  andesite,  dolerite  and  quartz 

Sand: fine,  medium and coarse,  angular to 
subrounded;  quartz  with  rock  fragments, 
moderate  brown (5  YR 3/4)  to greyish  brown 
(5 YR 3/2) 

Fines:  disseminated  silt  and  clay 

Clay,  stony, very  stiff,  dusky  yellowish  brown 
(10 YR 2/2), with  angular  to  well  rounded  pebbles  and 
boulders  of yellow, red  and white  sandstones, 
dolerite,  felsite,  greywacke,  quartz,  shale and  coal 

1.9 9.7 

1.3 11.0 

1.3+ 12.3 

Borehole  terminated  owing to slow  progress 
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Grading 

Mean f o r  Depos i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F ines   Sand   Grave l   F ines  Sand Grave l  

from t o  -4, *r% +%-1 +1-4  +4-16  +16-64  +64 IMI 

a 14  66  20  0.2- 1.7 9  12 24   16  23   16  0 
1 .7-   3 .1  20  64 1 3  2 1 0 0 

Mean 1 4  38 19 9 1 2  8 0 

b 17 57 26  4.1-  5.2  24  60 1 5  1 0 0 0 
5.2-  6.2  9 11 25 21   24  10  0 
6.2-  7.2  9  18  16  16 20 21  0 
7.2-   7 .8  29  15 11 11 17 11 6 

Mean 17 28  17 12   15  10 1 

. .  

C 5 42  53 9.7-11.0 5 18   14  10 16 20 17 s 
a&b 16 60 24 Mean 16   31  18 11 14  9   1  

a-c 1 4  58 28 Mean 1 4   3 0  17 11 1 4  11 3 
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NT 25 NE 140 2803 5716 Fullarton, Penicuik Block E 

S u r f a c e   l e v e l  +268m 
(+880f t )  
Water n o t   s t r u c k  
250 and 200mm p e r c u s s i o n  
J u l y  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  

Overburden 0.3m 
Mine ra l  8.2m 
Waste 3.4m 
Bedrock 2.4m-t 

Thickness   Depth 
m m 

So i l   0 .3   0 .3  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  a ' C l a y e y '   s a n d y   g r a v e l ,   t i l l o i d   f r o m  1.3 t o  1.7m 6.4 6 . 7  
G r a v e l :   f i n e   a n d   c o a r s e   w i t h  some c o b b l e s ,  

a n g u l a r   t o  well rounded;   red,   yel low,   brown  and 
w h i t e   s a n d s t o n e s ,   g r e y w a c k e ,   i n d u r a t e d  
m u d s t o n e ,   d o l e r i t e ,   a n d e s i t e ,   f e l s i t e ,  
ve in -qua r t z   and   i rons tone  

Sand: f i n e   w i t h  medium and some c o a r s e ,  
s u b a n g u l a r   t o   s u b r o u n d e d ;   q u a r t z   a n d   r o c k  
f ragments ,   modera te  brown (5 YR 4 /4 )  

b i n d i n g   d e p o s i t   a r o u n d  1.3m 
F i n e s :   d i s s e m i n a t e d  s i l t  a n d   c l a y   b u t   w i t h   c l a y  

T i l l  b 'Very   c layey '   sandy  grave l  
G r a v e l :   f i n e   a n d   c o a r s e   w i t h  some c o b b l e s ,  

a n g u l a r   t o   s u b r o u n d e d ;   y e l l o w   s a n d s t o n e ,  
q u a r t z ,   c h e r t ,   f e l s i t e ,   l i m e s t o n e   a n d   i n d u r a t e d  
mudstone  and s i l t s t o n e  

subangular;   moderate  brown ( 5  YR 4 / 4 ) ,   q u a r t z  
and   rock   f ragments  

F i n e s :   d i s s e m i n a t e d   c l a y   w i t h  s i l t ,  b i n d i n g   t h e  
d e p o s i t  

Sand: f i n e   w i t h  medium a n d   c o a r s e ,   a n g u l a r   t o  

C l a y ,   s t c n y ,   w i t h  0.5m seams of g r a v e l  a t  10.3m, 
f i r m   t o   s t i f f ,   l i g h t  brown (5 YR 5 / 4 )   t o   m o d e r a t e  
brown (5 YR 4/4)   but   below 10.3m c o l o u r   v a r i a b l e   f r o m  
g r e y i s h   r e d  (5 R 4 / 2 )   t o   d a r k   g r e y  ( N  3 ) ;   w i t h  
a n g u l a r   t o  well rounded c las ts  of   greywacke,   red,  
ye l low  and   wh i t e   s ands tones ,   i ndura t ed   muds tone ,  
d o l e r i t e ,   q u a r t z   a n d   s h a l e   w i t h   i r o n s t o n e   a n d   g r e y  
s i l t s t o n e  below 10.3m 

Carbon i fe rous  (Limestone  Mudstone,   dark  grey (N 4 ) ,   s i l t y ,   w i t h   i r o n s t o n e  
Coal  Group) r i b s ,   w e a t h e r e d   a n d   d i s t u r b e d  t o  13.9m, f i rmer   be low 

S a n d s t o n e ,   c o a r s e   g r a i n e d ,   c a l c a r e o u s ,   a n d   l i m e s t o n e ,  
sandy,   wi th  some c h e r t  

1.8 8 . 5  

3.4 11.9 

2.0 13.9 

0.4+ 14.3 

6 1  
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a 

Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel  Fines  Sand  Gravel 

f rom  to  4 + f k %  +%-1 +1-4 +4-16  +16-64  +64 IMII 

--- ------- 
18 50 32 0.3-  1.3  20  24  15 11 18  12 0 

1.3- 1.7  22  22 11 9 1 4  22 0 
1.7- 2.7 19  31 13  6 2 1  10 0 
2.7- 4.2 22  34 1 5  7 18 4 0 
4.2-  5.2 1 5  28 12 8 20  17 0 
5.2-  6.3  14 2 7  15 9 16 8 11 
6.3-  6.7 11 1 2  11 9 2 1  20 1 6  

Mean 18 28 14  8 18 11 3 

b 29  37  34  6.7-  7.8 33 21 10 7 1 4   1 5  0 
7.8-  8.5 24 13 10 1 2  17 9 1 5  

Mean 29 18 10 9 1 5  1 3  6 

a & b   2 1  46 33 Me an  21  25  13 8 18  12 3 

NT 25 NE 141 

S u r f a c e   l e v e l  +232m 
(+760f t )  
Water s t r u c k   ( p e r c h e d )  a t  
+231m 
250mm p e r c u s s i o n  
August  198 2 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

Ti 11 

2990 5785 S t e e l f o o t   S t r i p ,  Temple 

L i t h o l o g y  

S o i l  

'Very   c layey '   sandy  grave l ,   wi th  0. l m  seam of b l u e  
g r e y   s t o n y   c l a y  a t  1. Om 

G r a v e l :   f i n e   a n d   c o a r s e   w i t h  rare c o b b l e s ,  
subangu la r   t o   rounded ;  cream and  red 
s a n d s t o n e s ,   g r e y w a c k e ,   b a s a l t ,   i r o n s t o n e ,  
a n d e s i t e ,   q u a r t z ,   c h e r t   a n d   c o a l   b e l o w  1. l m  

rounded ;   qua r t z   w i th   rock ,   f e ldspa r   and   coa l  
f r agmen t s  

brown  (5 YR 4 /4 )   t o   b rowni sh   b l ack   (5  YR 2 / 1 )  

Sand: f i n e   w i t h  medium a n d   c o a r s e ,   s u b a n g u l a r   t o  

F i n e s :   d i s s e m i n a t e d  s i l t  and   c lay ,   modera te  

Clay ,   sandy  and   s tony ,   pa le  brown (5  YR 5 / 2 )   w i t h  
b r o w n i s h   g r e y   g r a v e l  seam from  2.4 t o  2.6m 

C l a y ,   f i r m ,   s a n d y ,   p a l e  brown (5  YR 5 / 2 )   w i t h  c las t s  
of   g reywacke ,   sands tone ,   basa l t   and   l imes tone  

Block E 

Overburden 0.3m 
Minera l  1.9m 
Waste 4.3m+ 

Thickness   Depth  
m m 

0.3  0.3 

1.9 2.2 

0.4  2.6 

3.9+ 6.5 

B o r e h o l e   t e r m i n a t e d  owing t o   r o c k   o b s t r u c t i o n  
( l i m e s t o n e   b o u l d e r )  
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Grading  

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel  Fines  Sand  Gravel 

f r o m   t o  -& +kc% +%-1 +1-4 +4-16  +16-64  +64 mm 
--I__ -___i--_.___-- 

22  48 30  0.3- 1.1 16 16 9 9 21 29 0 

Mean  22 24 1 5  9 15 1 5  0 
1.1- 2.2 26  31 20 8 10 5 O §  

NT 25 SW 14 

S u r f a c e   l e v e l  +286.3m 

Water s t r u c k  a t  +277.4m 
250mm p e r c u s s i o n  
September  1982 

(+939.3f t )  

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

G l a c i a l   s a n d   a n d   g r a v e l  

Ca rbon i fe rous   (L imes tone  
Coal Group) 

2065 5299 Cowdenburn, Newlands Block G3 

Overburden 0.2m 
Minera l  8.4m 
Bedrock 2.0& 

Li thology  Thickness   Depth  
m m 

S o i l ,   d a r k   c o l o u r e d ,   p e b b l y  0.2 0.2 

G r a v e l ,   ' c l a y e y '   t o  4.2m 8.4  8.6 
G r a v e l :   f i n e   a n d   c o a r s e   w i t h  some c o b b l e s ,  

a n g u l a r   t o   r o u n d e d ;   a n d e s i t e ,   b a s a l t ,   d o l e r i t e ,  
l imes tone ,   ye l low,   g reen   and   red   sands tones ,  
g r e y w a c k e ,   s i l t s t o n e ,   p o r p h y r y ,   q u a r t z   a n d  some 
c o a l   d e b r i s  

S a n d :   f i n e   t o   c o a r s e ,   a n g u l a r   t o   r o u n d e d ;   q u a r t z  
and   rock   f ragments  

Fines:   micaceous s i l t  a n d   c l a y   b i n d i n g   t h i s  
d e p o s i t   l o c a l l y ;  some i n c l u s i o n s   o f  brown t i l l ,  
ochreous  mud f r o m   r o t t e d   l a v a s   a n d   i r o n   p a n ,  
da rk   ye l lowish   o range  (10 YR 6 / 6 )   t o   m o d e r a t e  
r e d d i s h  brown (10 R 4 / 6 )  

S a n d s t o n e ,   p a l e   y e l l o w i s h ,   f r i a b l e ,   i r o n   s t a i n e d   a n d  
w i t h   c o a l y   l a m i n a t i o n s  

Muds tone ,   b l ack ,   micaceous ,   ha rd   and   ca l ca reous   i n  
p a r t s ,   s o f t ,   f i s s i l e   a n d   w i t h   a b u n d a n t   p l a n t   d e b r i s  
i n   o t h e r s ,  

G r a d i n g  

Mean f o r   D e p o s i t  
p e r c e n t a g e s  

Depth  below 
s u r f a c e  (m) 

l o c a l l y   r e d d e n e d  

p e r c e n t a g e s  

Fines   Sand  Gravel  

f r o m   t o  

9 45  46 0.2- 1.0 
1.0- 2.0 
2.0-  3.2 
3.2- 4.2 
4.2-  5.2 
5.2-  6.2 
6.2- 8 .6  

Mean 

1.1 9.7 

0.9+ 10.6 

F i n e s  

-4% 

10 
11 
1 2  
12  

6 
8 
8 
9 

Sand 

&-- % 

17 
2 2  
12 

7 
7 
8 

1 4  
13  

+%-1 +1-4 

8 
12 
1 2  
10 
14  
12 
23 
1 5  

6 
10 
21 
1 7  
2 1  
25 
1 7  
1 7  

Gravel  

+4-16  +16-64  +64 mm 

--- 
1 5  36 8 
15  3? 0 
1 7  26 0 
25  29 0 
16 29 7 
30 1 7  0 
21 17  0 
20  24 2 
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NT 25 SW 15 

S u r f a c e   l e v e l  +272.6m 
(+894.4f t )  
W a t e r   s t r u c k  a t  +265.7m 
250m1n p e r c u s s i o n  
September  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

G l a c i a l   s a n d   a n d   g r a v e l  

T i l l  

Carboni ferous   (Upper  
Limestone  Group) 

Grading 

2205 5406 Whim Cottage, Newlands Block G3 

Overburden 0.3m 
Minera l  4.2m 
Waste 0.4m 
Bedrock 2.2m+ 

T,ithology  Thickness  Depth 
m m 

-- 

Soi l ,   pa l e   b rown ,   s andy  a t  b a s e  0.3 0.3 

Gravel  4.2  4.5 
G r a v e l :   f i n e   a n d   c o a r s e   w i t h  a f ew  cobb les ,  

a n g u l a r   t o  well rounded;   yel low,   red  and  brown 
s a n d s t o n e s ,   g r e e n i s h  muddy g r i t   a n d   g r e y w a c k e ,  
f e l s i t e ,   w e a t h e r e d   a n d e s i t e ,  some c o a l   d e b r i s ,  
r e d d e n e d   l i m e s t o n e   a n d   b a s a l t  

qua r t z   and   rock   f r agmen t s  

p a r t s  

Sand: f i n e   t o   c o a r s e ,   a n g u l a r   t o  well rounded;  

Fines:   brown s i l t  a n d   c l a y ,   b i n d i n g   g r a v e l   i n  

C l a y ,   s t o n y ,   s t i f f ,   w i t h   p e b b l e s   o f   g r e y w a c k e ,  
sands tone   and   igneous   rocks ,   dark   reddish   b rown 
(10 R 3/3)  t o   m o d e r a t e  brown (5 YR 3 / 4 )  

Clay ,   da rk   g rey   and   b l ack ,   ha rd ,   w i th   f r agmen t s   o f  
wh i t e   coa l   r i ch   s ands tone   and   muds tone  

Sands tone   and   muds tone ,   wh i t e   f r i ab le   s ands tone ,   w i th  
micaceous ,   coa ly   l amina t ions ,   deep ly   wea the red   bu t  
harder   and   i ron   s ta ined   downwards ;   wi th  
i n t e r c a l a t i o n s   o f   b l a c k ,   m i c a c e o u s   m u d s t o n e   a n d  
s i l t s t o n e   w h i c h  i s  w e a t h e r e d   t o  a s a n d y ,   b l a c k   c l a y  

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f  ace (m) 

Fines   Sand  Gravel  

f r o m   t o  

8 38 54 0.3- 1 . 4  
1.4-  2.4 
2.4-  3.4 
3.4-  4.5 

Mean 

p e r c e n t a g e s  

0.4 4.9 

0.4  5 .3 

1.8+ 7.1  

Fines  Sand  Gravel  

-& 4r% +%-1 +1-4  +4-16  +16-64  +64 mm 

9 8 1 3   1 6  30  24 0 
10 1 3  11 9 29  28 0 

4 11 9 1 3  27 36 0 
8 1 2  1 5  19 26   20  0 
8 11 1 2  1 5  27 27 0 

6 4  



NT 25 SW 16 2390 5178 Nether P a l l a ,  Eddle'ston Block D 

S u r f a c e   l e v e l  +247.8m 
(+8 13. O f t )  
Water n o t   s t r u c k  
250  and 200mm p e r c u s s i o n  
August  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

Head 

G l a c i a l   s a n d   a n d   g r a v e l  

T i l l  

Ordov ic i an  

L i t h o l o g y  

Made g r o u n d ,   s o i l   a n d   f i l l  

C l a y ,   l a m i n a t e d   i n   p a r t s ,   j o i n t e d ,   w i t h   l e a c h e d   a n d  
g l e y e d  areas, s o f t   a n d  wet towards   base ,   w i th  small 
greywacke  and  black  mudstone  pebbles;   dark  yel lowish 
brown (10 YR 4 / 2 )  

' C l a y e y '   g r a v e l  
Grave l :   f i ne   and   coa r se   w i th  some c o b b l e s ,  

angu la r   t o   rounded ;   g r i t   and   g reywacke   w i th  
some c h e r t   a n d   v o l c a n i c   r o c k s  

and  rock  f ragments  
Sand: f i n e   t o   c o a r s e ,   a n g u l a r   t o   r o u n d e d ;   q u a r t z  

F i n e s :  brown s i l t  and   c l ay  

C l a y ,   s t o n y ,   h a r d ,   s i l t y ,  medium d a r k   g r e y  (N 4 ) ,  w i t h  
pebbles   o f  well rounded  greywacke  and  angular 
s a n d s t o n e   t o  5.0m, b u t   s o f t e r ,   s a n d y ,   s i l t y ,   m o d e r a t e  
brown (5 YR 4 / 4 )  be low,   w i th   more   va r i ed   su i t e  of 
c l a s t s   ( c h e r t ,   m u d s t o n e s ,   v o l c a n i c   r o c k s )  

Greywacke,  dark  grey,  hard 

Overburden 3. Om 
M i n e r a l  1. Om 
Waste 2.8m 
Bedrock 0.2urt 

Thickness   Depth  
m m 

0.5 

2.5 

1.0 

2.8 

0.2-t 

0.5 

3.0 

4.0 

6.8 

7.0 

Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel  Fines  Sand  Grave 1 

from t o  i-, &-% +%--I. +1-4 +4-16 +16-64  +64 mm 
--- ------- 
15  31  54  3.0-  4.0 15 6 11 14 2 2  24 8 

6 5  



NT 25 SW 17 

S u r f a c e   l e v e l  c+242m 

Water n o t   s t r u c k  
P i t  

(c+794f t )  

August  1982 

LOG 

2340 5105 

G e o l o g i c a l   c l a s s i f i c a t i o n   T , i t h o l o g y  

Cowieslinn Dean, Eddleston Block D 

Overburden 0.2m 
M i n e r a l  1 Om 
Waste 0.2m+ 

Thickness   Depth  
m m 

S o i l ,  d a r k   g r e y ,   p e a t y ,   s t o n y  0.2 0 .2  

G l a c i a l   s a n d   a n d   g r a v e l  

T i l l  

Grading 

Mean f o r   D e p o s i t  
p e r c e n t a g e s  

Fines   Sand  Gravel  

Gravel  1 .o 1 . 2  
G r a v e l :   c o a r s e   a n d   f i n e   w i t h   c o b b l e s ,   a n g u l a r   t o  

rounded ;   g reywacke   w i th   i ndura t ed   s i l t s tone  
Sand :   coa r se   w i th  medium a n d   f i n e ,   a n g u l a r   t o  

subangular ;   main ly   g reywacke   f ragments  
F i n e s :   d i s s e m i n a t e d  s i l t  and   c l ay ,   b rowni sh   g rey  

C l a y ,   s t o n y ,   s t i f f ,   m o d e r a t e  brown, w i t h   f i n e   g r a v e l  
t o   c o b b l e - s i z e d   a n g u l a r  c las t s  of   greywacke  with 
s i l t s t o n e   a n d   q u a r t z  

Depth  below 
s u r f a c e  (m) p e r c e n t a g e s  

0.2+  1.4 

Fines  Sand  Grave 1 

f r o m   t o  4 6  &-% +%-1 +1-4 +4-16 +16-64  +64 mm 

7 26 67 0.2- 1.2 7 3 8 15 2 9  38 0 
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NT 25 SW 18 2390  5019 Ship Horns, Eddleston Block D 

S u r f a c e   l e v e l  c+247m 
(c+809f t )  
Water n o t   s t r u c k  
250  and 200mm p e r c u s s i o n  
August  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  

Overburden 0.3m 
M i n e r a l  4.4m 
Waste 15.3mt 

Thickness   Depth 
m m 

S o i l ,  brown,  sandy  0.3  0.3 

Glac i a l   s and   and   g rave l   'Ve ry   c l ayey '   s andy   g rave l   4 .4   4 .7  
G r a v e l :   f i n e   a n d   c o a r s e ,   s u b a n g u l a r   t o  

subrounded;   g reywacke ,   sands tone   and   vo lcanic  
r o c k s  

Sand: f i n e   w i t h  medium a n d   c , o a r s e ,   s u b a n g u l a r   t o  
subrounded 

F i n e s :   d i s s e m i n a t e d  s i l t  a n d   c l a y ,   l o c a l l y  
b i n d i n g   t h e   d e p o s i t   b u t   w i t h  seams o f   c l a y e y  
sand  up t o  8cm th ick   be low 2.3m, moderate  brown 
( 5  YR 4 /4)  

T i l l  C l a y ,   s t o n y ,   s i l t y ,   s a n d y  a t  t o p ,   f i r m   t h e n   s t i f f ,  
b rownish   g rey  (5 YR 4 / 1 )   t o   p a l e  brown  (5 YR 5 / 2 )   b u t  
modera te   red   (5  R 4/6)  from 8.3 t o  8.4m owing t o  
f r a g m e n t e d   r e d   s a n d s t o n e   p e b b l e s ;   s u b a n g u l a r   t o  well 
rounded c las t s  o f  brown  and  red  sandstones,   greywacke 
a n d   l a v a   w i t h   s p o r a d i c   c h e r t   a n d   v e i n - q u a r t z  15.3-t- 20.0 

Boreho le   t e rmina ted   owing   t o   excess ive   ove rburden  

Grading  

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

Fines   Sand  Gravel   Fines   Sand  Gravel  

f r o m   t o  3-, 4-% +%-1 +1-4 +4-16  +16-64 +64 mm 

23 42 35  0.3-  1.3  24 9 8 1 2  24  23 0 
1.3-   2 .3   20  20  12  13 24 11 0 
2.3-  3.3 18 23  14  13  1q 13 0 
3.3-  4.7  30 22 9 1 0   1 6   1 3  0 

Me an 23 1 9  11 1 2  20 1 5  0 
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NT 25 SW 19 2412 5375 Cra igburn ,   Edd les ton  Block 8)  

S u r f   a c e   l e v e l  c+262m 
(c+S60f t )  
W a t e r   n o t   s t r u c k  
P i t  
August  1982 

LOG 

G e o l o g i c a l   c i a s s i f i c a t i o n  

G l a c i a l   s a n d   a n d   g r a v e l  

Grading 

L i t h o l o g y  

Overburden 0.3m 
Mine ra l  1.8m+ 

Thickness  Depth 
m m 

S o i l ,   s a n d y ,   l i g h t  brown 0.3 0.3 

Sandy  grave l  1.8+ 2 . 1  
G r a v e l :   f i n e   a n d   c o a r s e ,   a n g u l a r  t o  rounded; 

g r e y w a c k e ,   s i l t s t o n e ,   y e l l o w   s a n d s t o n e ,  
a n d e s i t e   a n d   v e i n - q u a r t z  

subrounded;   quar tz   and   rock   f ragments  
Sand: medium w i t h   c o a r s e   a n d   f i n e ,   a n g u l a r   t o  

F i n e s :   d i s s e m i n a t e d  s i l t  and   c l ay ,  medium brown 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel  Fines  Sand Gravel 

f r o m   t o  4 4 6 - k  +%-l +1-4  +4-16  +16-64  +64 mm 

5 48 47 0.3- 2 .1 5 8 26   14   26   21  0 
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NT 25 SW. 20 

S u r f a c e   l e v e l  +258.8m 
(+849. I f  t )  
Water seepage a t  ct252m 
250mm p e r c u s s i o n  
September  1982 

LOG 

2407  5342 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  

Tileworks House, Eddleston Block D 

Overburden 0.3m 
Mine ra l  2. Om 
Waste 1 .Om 
M i n e r a l  4.5& 

Thickness   Depth  
m m 

G l a c i a l   s a n d   a n d   g r a v e l  

G l a c i o l a c u s t r i n e   d e p o s i t s  

G l a c i a l   s a n d   a n d   g r a v e l  

Grading 

Mean f o r   D e p o s i t  
p e r c e n t a g e s  

a 

b 

C 

d 

a&d 

b& c 

a-d 

F i n e s  Sand  Gravel 

--- 
26  55 19 

30 69 1 

29 7 1  0 

18 41 41 

20 45 35 

30 69 1 

2 5  5 9  16 

S o i l ,   v e r y   s a n d y  0.3 0.3 

a 'Very  c layey '   pebbly  sand 1 .o 1 .3  
G r a v e l :   f i n e   a n d   c o a r s e ,   c h i e f l y   a n g u l a r ;  

greywacke  with some a n d e s i t e   a n d  rare 
s a n d s t o n e ,   d o l e r i t e ,   f e l s i t e   a n d   v e i n - q u a r t z  

Sand: c h i e f l y   f i n e ,   r o u n d e d ;   q u a r t z   w i t h   r o c k  
f r agmen t s  

Fines:  brown,  micaceous s i l t  

b 'Very   c layey '   sand ,   wi th  rare p e b b l e s   o f  
g r e y w a c k e ,   s a n d s t o n e ,   a n d e s i t e ,   d o l e r i t e ,   f e l s i t e  
and   quar tz  

Sand: f i n e ,   r o u n d e d ;   q u a r t z   a n d  some rock  and 

Fines:   brown,   micaceous s i l t  
c o a l   f r a g m e n t s  

S i l t ,  brown,  micaceous,   with much f i n e   s a n d  

c 'Very  clayey'   sand,  components as above 

d 'C layey '   s andy   g rave l  
Grave l :   f i ne   and   coa r se   w i th  a few  cobbles ,  

angular   to   rounded;   greywacke  and  baked 
s i l t s t o n e   w i t h  some a n d e s i t e ,   r e d ,   g r e e n   a n d  
brown s a n d s t o n e s ,   b a s a l t ,   a n d e s i t e ,   f e l s i t e   a n d  
ve in -qua r t z  

Sand: f i n e   w i t h  medium a n d   c o a r s e ,   s u b a n g u l a r   t o  
rounded;   quar tz   and   rock   f ragments  

F ines :   b rown,   d i sseminated  s i l t  

Borehole   abandoned on greywacke   boulder   o r   bedrock  

Depth  below 
s u r f a c e  ( m )  p e r c e n t a g e s  

F i n e s  Sand Grave l  

f rom  to  4 A-% +%-1 +1-4 +4-16  +16-64  +64 mm 
- ~ - ~ -  

0.3- 1.3 26 38 1 2  5 11 s 0 

1.3-  2.3 2 2  7 2  3 1 1 1 0 
2.3- 3.3 38 60 1 0 0 1 0 

Mean 30 67 2 ** ** 1 0 

4.3- 5.3 2 2  77 1 0 0 0 0 
5.3-  6.3 37 61 0 0 1 1 0 

Mean 29 71 ** ** ** ** 0 

6.3- 7.3 30 38 2 4 17 9 0 6  
7.3-  8.8 9 10 15 1 5  32  19 o §  

Mean 18 21 10  10 26 1 5  0 

Nean 20  26 10 9 2 2  13 0 

Mean 30 68 1 ** ** 1 0 

Mean 25 49 6 4 10 6 0 

2.0 3.3 

1.0 4.3 

2.0 6.3 

2.5+ 8.8 



NT 25 SW 21 

Surf  ace  level  +24 5.3m 
(+804.8ft) 
Water  struck  at +235.9m 
Composite  log  of  sections 

August  198  2 
and  pit 

LOG 

2402 5200 

Geological  classification  Lithology 

Nether Palla, Eddleston Block D 

Overburden 0.3m 
Mineral 10.0m-k 

Thickness  Depth 
m  m 

Soil 0.3 0.3 

Glacial  sand  and  gravel  Gravel,  but  mainly  sand  from 0.3  to  1.7m  and below 
9.4m. Section  obscured  between 5.6 and  8.lm 10.0+ 10.3 

Gravel:  coarse  and  fine  with  cobbles,  subangular 
to  well  rounded;  greygacke,  grit  and  siltstone 
with  red  and  yellow  sandstones,  andesitic  lava 
and  vein-quartz 

fining  downwards,  subangular;  quartz  with  rock 
fragments 

seams  below  9.4m,  medium  brown  to  grey-brown 

Sand:  fine  and  medium  with coarse,  generally 

Fines:  disseminated  silt  and  clay,  and  silt 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel  Fines  Sand  Gravel 

from to 4 +kc% +%-1  +1-4  +4-16  +16-64 +64 IDIU 

7 46 47  0.3-  2.4 No grading  data  available 
2.4-  3.3 2  5  33  23  21  16 0 
3.3-  4.3 1 1 9 16  31  39  3 
4.3-  8.1 No grading  data  available 
8.1-  9.4 10 16  7 2 12 42  11 
9.4-10.3 16 55 23 1 3  2 o §  

Mean  7  19 17 10 17  26 4 

7 0  



NT 25 SE 1 

S u r f a c e   l e v e l  c+280m 
(c+918f t )  
Water n o t   s t r u c k  
250  and 200mm p e r c u s s i o n  
August  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

Glacial sand   and   g rave l  

T i l l  

Grading 

2699 5447 S t e l l  Plantation, Temple Block D 

Overburden 0.2m 
M i n e r a l  6.6m 
Waste 1.5m-t 

Li thology  Thickness   Depth  
m m 

S o i l ,   g r a v e l l y  0.2  0.2 

G r a v e l ,   ' c l a y e y '   i n   p a r t s  6.6  6.8 
G r a v e l :   c o a r s e   a n d   f i n e   w i t h   c o b b l e s ,   s u b a n g u l a r  

t o   r o u n d e d ;   c h i e f l y   g r e y w a c k e   w i t h  some w h i t e  
m i c a c e o u s   s a n d s t o n e ,   c h e r t ,   p o r p h y r y ,   i n d u r a t e d  
s i l t s t o n e ,   a n d e s i t e ,   d o l e r i t e   a n d   v e i n - q u a r t z  

S a n d :   c o a r s e   w i t h  medium a n d   f i n e ,   s u b a n g u l a r   t o  
subrounded;   quartz   and  rock  f ragments  

F i n e s :   d i s s e m i n a t e d  s i l t  a n d   s i l t y   c l a y  seams, 
moderate  brown  (5 YR 4 / 4 )  

Clay ,   s tony ,   very   hard ,   modera te   b rown  (5  YR 4 / 4 ) ,  
w i t h  c las t s  of  greywacke  and  sandstone 

Borehole  abandoned on o b s t r u c t i o n  

1.5+  8.3 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

Fines   Sand  Gravel  

f r o m   t o  

8 28 64 0.2-  1.2 
1.2-  2.2 
2.2-  3.2 
3.2-  4.2 
4.2- 5.2 
5.2-  6.8 

Ne an 

F i n e s  

-k, 

8 
1 2  

7 
3 
7 

11 
8 

Sand 

4-% +%-1 +1-4 
-____- 

8 6 8 
8 14  1 5  
6 15  20 
2 5 6 
3  6 13 
6 7 15  
6  9 13  

Grave 1 

+4-16 +16-64 +64 mm 

16 
27 
24 
11 
34 
24 
23 

20 
24 
16 
34 
37 
30 
26 

34 
0 

12 
39 

0 
7 

1 5  

NT 25 SE 2 

S u r f a c e   l e v e l  +288.4m 

Water n o t  s t r u c k  
250mm p e r c u s s i o n  
August  1982 

(+946.2f t )  

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

G l a c i a l   s a n d   a n d   g r a v e l  

O r d o v i c i a n  

2699 5247 Tweeddaleburn,  Temple Block D 

Waste 2.5m 
Bedrock n i l  

T,i thology  Thickness  Depth 
m m 

-_--____ --__ 
S o i l  0.3  0.3 

n i l  2.5 

7 1  



NT 25 SE 3 

S u r f a c e   l e v e l  +275m 
(+902f t )  
Water s t r u c k  a t  +272m 
250mm p e r c u s s i o n  
August  1982 

LOG 

2779  5297 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  

Tweeddale Burn Wood, Temple Block D 

Overburden 1.0m 
Mine ra l  0.9m 
Waste 0.2m 
M i n e r a l  4. l m  
Waste 2.lm 
Bedrock 0.4m-t 

Thickness   Depth  
m m 

S o i l ,   c l a y e y   0 . 3  0.3 

Alluvium 

G l a c i a l   s a n d   a n d   g r a v e l  

T i l l  

C a r b o n i f e r o u s   ( C a l c i f e r o u s  
Sandstone  Measures)  

C l a y ,   s a n d y ,   w i t h   f i n e   g r a v e l   s i z e d   c l a s t s   o f  
sands tone   and   greywacke ,   modera te   reddish  brown 
(10 R 4 / 6 )  

a 'C layey '   g rave l  
G r a v e l :   c o a r s e   a n d   f i n e ,   s u b a n g u l a r   t o  

subrounded;  greywacke  with trace of s a n d s t o n e ,  
s i l t s t o n e  and   che r t  

q u a r t z   a n d   r o c k   f r a g m e n t s  

brown  (5 YR 4 / 4 )  

Sand: medium a n d   c o a r s e   w i t h   f i n e ,   s u b a n g u l a r ;  

F ines :   d i s semina ted  s i l t  and   c lay ,   modera te  

C l a y ,   s i l t y ,   l a m i n a t e d ,   f i r m ,   m o d e r a t e   r e d d i s h  brown 
(10 R 4 / 6 )  

b Grave l  
G r a v e l :   f i n e   a n d   c o a r s e ,   s u b a n g u l a r   t o  

subrounded;  greywacke  with trace of a n d e s i t e ,  
s a n d s t o n e ,   c h e r t   a n d   v e i n - q u a r t z  

subangu la r   t o   sub rounded ;   qua r t z   and   rock  
f r agmen t s  

F i n e s :   d i s s e m i n a t e d  s i l t  and   c l ay ,   modera t e  
brown (5 YR 4 / 4 )  

Sand: medium and   coa r se   w i th  some f i n e ,  

C l a y ,   s a n d y ,   s t o n y ,   v e r y   s t i f f ,   m o d e r a t e   r e d d i s h  brown 
(10 R 4 / 6 )  t o   g r e y i s h  brown ( 5  YR 3 / 2 )   w i t h  c las ts  of 
greywacke  and  sandstone;  below 7.4m modera te   red  
( 5  R, 4 / 6 )  and   w i th  much decomposed sands tone   and  some 
c o a l  

S i l t s t o n e s ,   s l i g h t l y   m i c a c e o u s ,   h a r d ,   u n b e d d e d ,  
modera te   red  ( 5  R 4 / 6 )  

Grading 

Mean f o r  Depos i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) 

F i n e s  Sand  Gravel 

f r o m   t o  

p e r c e n t a g e s  

0.7 1.0 

0.9 1.9 

0.2 2.1 

4.1 6.2 

2 .1  8 .3  

0.4+ 8.7 

F i n e s  Sand Grave l  

-I&--% +%-l +1-4  +4-16  +16-64  +64 mm 

8 32 60 1.0- 1 .9  
2.1- 3.1 
3.1-  4.1 
4.1- 5 . 1  
5.1- 6.2 

Mean 

14 
9 

1 2  
2 
3 
8 

6 12 
7 12 
9 1 4  
2 6 
3 8 
5 11 

14 25 29 0 
19 38 1 5  0 
1 7  28 20 0 5  
1 6  38 36 0 s  
12 34 40 O F .  
1 6  32 28 0 

7 2  



NT 25 SE 4 2823 5371 Toxside, Temple Block D 

S u r f a c e   l e v e l  c+272m 
(c+893f t )  
No r eco rd   o f  water level 
250  and 200mm p e r c u s s i o n  
August  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

Glacial sand   and   g rave l  

T i l l  

Overburden 0.2m 
Mine ra l  4. l m  
Waste 11.7mi- 

Li thology  Thickness   Depth 
m m 

S o i l ,   g r a v e l l y  0.2 0.2 

Gravel  4.1  4.3 
G r a v e l :   c o a r s e   a n d   f i n e   w i t h  some c o b b l e s ,  

s u b a n g u l a r   t o   s u b r o u n d e d ;   c h i e f l y   d u r a b l e  
greywacke  with rare f e l s i t e ,   a n d e s i t e ,  
v e i n - q u a r t z ,   c h e r t ,   s a n d s t o n e ,   r h y o l i t e   a n d  
s i l t s t o n e  

subrounded,   quartz   and  rock  f ragments  

brown  (5 YR 4 /4 )  

Sand: medium w i t h   c o a r s e   a n d   f i n e ,   s u b a n g u l a r   t o  

F ines :   d i s semina ted  s i l t  and   c l ay ,   modera t e  

C l a y ,   s t o n y ,   s t i f f   b u t   b e c o m i n g   s t i f f e r   b e l o w  6m, 
moderate  brown  (5 YR 4 / 4 ) ;   w i t h  c las t s  o f   f i n e   a n d  
coarse   g rave l   s ized   greywacke   and   sands tone   11 .7+  16 .0  

Borehole   abandoned  owing  to   s low  progress  

Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) pe rcen tages  

Fines   Sand  Gravel   Fines   Sand  Grave 1 

f r o m   t o  4 A-% +%-1 +1-4  +4-16  +16-64 +64 mm 
--- ~--____-____- 

6 44  50  0.2-  1.2 4  3  7 12 22  45  7 
1.2-  2.2 9 18 19   13  18 23 0 
2.2-  3.2 5  4 9 1 7  24  29 12 
3.2-  4.3 7 1 5  44 1 5   1 3  6 0 

Mean 6 10  20  14 19 26  5 

7 3  



NT 25 SE 5 

Surface  level  +279.66m 
(+917.52f t) 
Groundwater  level +270.9m 
250 and  200mm  percussion 
October 1982 

LOG 

2877 5303 Black Rig, Temple 

Geological  classification  Lithology 

Block D 

Overburden 0.2m 
Mineral 4.8m 
Waste 5.3m 
Bedrock 1 =Om+ 

Thickness  Depth 
m  m 

Soil,  grey,  silty 0.2  0.2 

Glacial sand  and  gravel  Gravel 4.8 5.0 
Gravel:  coarse  and  fine  with  some  cobbles, 
angular to rounded;  greywacke  with  some 
sandstone,  siltstone,  shale,  felsite,  andesite, 
vein-quartz  and  chert 

subrounded;  quartz  and  rock  fragments  with 
feldspar 

Fines:  disseminated  silt  and clay,  light  olive 
grey (5 Y 5/1)  but oxidised  to  orange-brown 
near  surface 

Sand:  coarse,  medium  and  fine,  angular  to 

Till Clay,  stony,  firm to stiff,  with  subangular  to 
subrounded  clasts of greywacke  with  sandstone, 
greyish  orange  (10 YR 6 / 4 )  

Sandy  gravel 
Gravel:  fine  and  coarse,  subangular  to  rounded; 
greywacke,  andesite,  red  sandstone  and 
vein-quartz 

quartz  and  rock  fragments 

brown  (10 YR 5/4) 

Sand:  fine  to  coarse,  subangular  to  subrounded; 

Fines:  disseminated  silt  and  clay,  moderate 

Clay,  dusky  yellowish  brown (10 YR 3/2)  to  9.6m, 
moderate  yellowish  brown (10  YR 5 / 4 )  below, 
slickensides  in  upper  part,  firm  and  silty,  crudely 
bedded  and  with  a  few  small  clasts  of  coal,  felsite, 
greywacke,  sandstone,  porphyry  and  vein-quartz;  below 
10m  deposit  is  more  sandy  and  contains  more  clasts 

Carboniferous  (Calciferous Sandstone,  greyish  red  (10  R 5/2), fine  grained, 
Sandstone Measures) micaceous  and  faintly  bedded,  ripple  marked  below 

10.9m, with O.lm parting  of soft,  greyish  red 
(5 R  4/2)  finely  bedded  micaceous  siltstone  at  10.8m 

3.0 8.0 

0.9 8.9 

1.4  10.3 

1.0+  11.3 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel  Fines  Sand  Grave 1 

from to 4 A-% +%-1 +1-4 +4-16 +16-64  +64 mm 

9 28 63 0.2- 2.0 13 6 8 10 22 23 18 
2.0- 3.0 9 6 9 14 24 32 6 
3.0- 4.0 7 6 10 17 30 27 3 
4.0- 5.0 6 5  11 1 4  27 31 6 

Mean 9 6 9 13 25 28 10 

7 4  



NT 25 SE 6 2968  5217 Moorf oot , Temple Block D 

S u r f a c e   l e v e l  +288.2m 
(+945 .5 f t )  
Water n o t   s t r u c k  
P i t  
August  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  

Overburden 0.3m 
Mine ra l  1. Om 
Waste 0.4mt 

Thickness   Depth 
m m 

S o i l ,  medium g rey ,   s tony   0 .3  0.3 

G l a c i a l   s a n d   a n d   g r a v e l   ' C l a y e y '   g r a v e l  1 .o 1 . 3  
G r a v e l :   f i n e   a n d   c o a r s e  w i t h .  some c o b b l e s ,  

Sand :   coa r se   w i th  medium a n d   f i n e ,   a n g u l a r   t o  

F i n e s :   d i s s e m i n a t e d  s i l t  a n d   c l a y ,  medium brown 

angular   to   subrounded;   p redominent ly   g reywacke  

s u b a n g u l a r ;   q u a r t z   w i t h   r o c k   f r a g m e n t s  

T i l l  C l a y ,   s t o n y ,   s a n d y ,   s t i f f ,   m o d e r a t e  brown, w i t h  
c l o s e l y   p a c k e d ,   f i n e   g r a v e l  t o  b o u l d e r   s i z e d ,   a n g u l a r  
f ragments   of   greywacke 0.4+ 1.7 

Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel  Fines  Sand  Grave 1 

f r o m   t o  4 6  *6-% +%-I +1-4 +4-16  +16-64  +64 mm 
--- ------- 
l o  28 62 0.3- 1 . 3  10 4 9 1 5  32 30 0 

NT 26 NW 110 

S u r f a c e   l e v e l  d-284m 
( c t 9 3 2 f   t )  
Water   seepage  a t  c+282m 
P i t  
<June 1 9 5 2  

LOG 

2389 6545 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  

Caerketton  Hill,  Lasswade Block G1 

Waste 3.0 mt- 

Thickness  Depth 
m m 

S o i l  0.2 0.2 

Glac i a l   s and   and   g rave l   'C layey '   g rave l  0.9 1.1 
Grave l :   coa r se   w i th   f i ne   and   cobb les ,   subangu la r  

t o   w e l l   r o u n d e d ,   a n d e s i t e   w i t h   s a n d s t o n e   a n d  
g r i t  

rock   f r agmen t s  

brown 

Sand: f i n e   t o   c o a r s e ,   s u b a n g u l a r ,   q u a r t z   a n d  

F i n e s :  s i l t  a n d   c l a y ,   d i s s e m i n a t e d ,   r e d d i s h  

T i l l  C l a y ,   s t o n y ,  s t i f f ,  b r o w n i s h   r e d ,   c o n t a i n i n g   a n g u l a r  
t o   s u b a n g u l a r   e r r a t i c s  of andes i t e ,   s ands tone   and  
c o a l  1.9+ 3.0 

75  



NT 26 NW 111 

S u r f a c e   l e v e l  c+193m 
(c+633f t )  
Water s t r u c k  a t  c+192m 
P i t  
June  1982 

LOG 

2478 6512 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  

Boghall, Lasswade Block GI 

Overburden 0.2m 
Mine ra l  1.3m-I- 

Thickness   Depth 
m m 

S o i l  0.2 0.2 

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l   G r a v e l ,   p o o r l y   s o r t e d   t o  l . l m  1.3+ 1.5 
G r a v e l :   f i n e   w i t h   c o a r s e ,   s u b a n g u l a r   t o  well 

r o u n d e d ,   s a n d s t o n e ,   a n d e s i t e ,   t u f f ,   g r e y w a c k e ,  
f e l s i t e ,   v e i n - q u a r t z ,   c h e r t   a n d   d o l e r i t e  

f r a g m e n t s  

brown 

Sand:  medium, c o a r s e   a n d   f i n e ,   q u a r t z   a n d   r o c k  

F i n e s :  s i l t  a n d   c l a y ,   d i s s e m i n a t e d ,   r e d d i s h  

Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F ines   Sand  Gravel  F i n e s  Sand Grave l  

from t o  4 &-% +%-1 +1-4  +4-16  +16-64  +64 mm 

9 45  46 0.2- 1.5 9 11 19  15  28 18 0 
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NT 26 NW 112 2485 6511 Boghall, Lasswade Block GI 

Surface  level +192.4m 
(+631.2ft) 
Water  struck  at +191.2m 
250mm percussion 
September 1982 

LOG 

Geological  classification  Lithology 

Overburden  0.3m 
Mineral 3.2m 
Waste 4 .  lmt- 

Thickness  Depth 
m m 

Soil,  clayey,  dark  brown 0.3  0.3 

Fluvioglacial  sand  and  gravel a 'Clayey'  sandy  gravel,  poorly  sorted  to 1.0m 
Gravel: fine with  coarse,  subangular  to  well 
rounded,  red,  yellow  and  brown  sandstones  and 
andesite  with  felsite,  vein-quartz,  greywacke, 
coal and  shale 
Sand: fine and  medium with  coarse,  subangular to 
subrounded,  quartz  with  coal  and  rock  fragments 

Fines:  silt  with  clay,  disseminated  and  in  some 
seams,  moderate  brown (5 YR 4 / 4 )  

Till 

b 'Very  clayey'  sand 
Gravel:  trace,  fine,  angular to subangular, as 

Sand: fine  with  rare  medium  and  coarse, as above 

Fines:  silt,  disseminated  and  in  seams,  content 

above  in  composition 

in  shape  and  composition 

increasing  with  depth 

Silt,  laminated  with  seams of fine  sand  and  reddish 
brown  clay  laminae,  greyish  brown (5 YR 4 / 2 )  to 
moderate  brown ( 5  YR 4 / 4 )  

Clay,  stony,  stiff,  dark  reddish  brown (10 R 3 / 4 ) ,  
containing  angular  to  subrounded  erratics  of 
sandstone,  greywacke,  chert,  vein-quartz,  andesite, 
coal,  shale  and  felsite 

1.7 2 .o 

1 a 5  3.5 

0.8 4.3 

3.3+ 7.6 

Borehole terminated  owing  to an obstruction  of 
andesite, possibly  bedrock 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel Fines Sand Gravel 

from to 4 6  +4,-% +%-1 +1-4 +4-16 +16-64  +64 INII 

a 11 53  36 0.3- 1.0 9 11 19 1 5  25 18 0 
1.0- 2 .0   13   28   22  8 18 11 o s  

Mean 11 22   20  11 22  14 0 8  

b 37 6 3  0 2.0- 3.5 37 58 4 1 ** 0 0 

a&b 23 * 57 2 0  Mean 23 38 1 3  6 12 8 0 

77  
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NT 26 NE 252 

S u r f a c e   l e v e l  +142m 
(+467f  t )  
Water n o t   s t r u c k  
250mm p e r c u s s i o n  
September 1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

G l a c i a l   s a n d   a n d   g r a v e l  

T i l l  

Glacial sand   and   grave l  

Lower  Devonian 

Grading 

a 

2573 6691  Lothianburn, Lasswade 

L i t h o l o g y  

Soi l ,   pebbly ,   dark   g rey-brown 

a ' C l a y e y '   g r a v e l ,   p o o r l y   s o r t e d  
G r a v e l :   c o a r s e   w i t h   f i n e   a n d  some c o b b l e s ,  

subangular   to   rounded ,   b rown,   ye l low,   whi te   and  
r e d   s a n d s t o n e s ,   g r e y w a c k e ,   a n d e s i t e ,   b a s a l t ,  
s h a l e ,   c o a l ,   v e i n - q u a r t z ,   d o l e r i t e ,   f e l s i t e ,  
conglomera te   and  rare psammite 

q u a r t z   w i t h   r o c k   f r a g m e n t s  

brown ( 5  YR 3 / 4 )  

S a n d :   c o a r s e   t o   f i n e ,   a n g u l a r   t o   s u b a n g u l a r ,  

F ines :  s i l t  and   c l ay ,   d i s semina ted ,   modera t e  

C l a y ,   s t o n y ,   s t i f f ,   g r e y i s h   r e d  (5 R 4 / 2 )  t o   d a r k  
r e d d i s h  brown (10 R 3 / 4 ) ;  c o n t a i n i n g   a n g u l a r   t o  
subrounded errat ics  of   sandstone,   greywacke,  
a n d e s i t e ,   d o l e r i t e ,   c o a l ,   s h a l e   a n d   v e i n - q u a r t z  

b ' C l a y e y '   s a n d y   g r a v e l ,   f i n e l y   b e d d e d  
G r a v e l :   f i n e   a n d   c o a r s e ,   s u b a n g u l a r   w i t h  

sub rounded   t o  well rounded,   yel low,  brown and 
r e d   s a n d s t o n e s ,   g r e y w a c k e ,   a n d e s i t e ,   f e l s i t e ,  
c o a l ,   s h a l e ,   v e i n - q u a r t z ,   p s a m m i t e ,   b a s a l t ,  
q u a r t z i t e   a n d   c h e r t  

Sand: f i n e   a n d  medium w i t h   c o a r s e ,   s u b a n g u l a r  
t o   s u b r o u n d e d ,   q u a r t z   w i t h  some rock   f r agmen t s  

F ines :  s i l t ,  d i s semina ted ,   modera t e  brown 
( 5  YR 4 / 4 )  

A n d e s i t i c   l a v a ,   f r e s h ,   a m y g d a l o i d a l  

Block B 

Overburden 0.3m 
M i n e r a l  4 Om 
Waste 0.8m 
Minera l  1 9m 
Bedrock 0 4n+ 

Thickness   Depth  
m m 

0.3  0 .3  

4.0  4.3 

0.8 5.1 

1.9 7.0  

0.4+  7.4 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel   Fines  Sand 

f r o m   t o  4 

15 37  48 0.3-  1.3  20 
1.3-  2.3  14 
2.3-  3.3  13 
3.3-  4.3  12 

Mean 15 

b 12  55  33 5.1- 6.1 14  
6.1- 7.0 10 

Me an   12  

a&b 14  42  44 Mean 14 

&-% +%-1 +1-4 

11 14  11 
12  9 14  
12 12 14 
1 3   1 4   1 3  
12  12  13 

29 25  9 
1 6   1 6  12  
24 21 10 

1 5   1 5  12 

Grave l  

+4-16 +16-64 +64 mm 

--- 
1 6  28 0 
1 7  24 10 
20  25  4 
20 28 0 
18 27 3 

13  10 0 
24  22 0 
18 15 0 

18 24 2 

7 8  



NT 26 NE 253 2554  6559 Damhead, La sswade Block GI 

Waste 12.6mt S u r f a c e   l e v e l  +169m 
(+556f t )  
Water n o t   s t r u c k  
250mm p e r c u s s i o n  
August  198 2 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  Thickness   Depth 
m m 

Soil, loam, l i g h t  brown 0.4  0.4 

T i l l  C l a y ,   s i l t y ,   s t o n y ,   f i r m ,   m o d e r a t e   b r o w n ,   c o n t a i n i n g  
errat ics  o f   s a n d s t o n e   w i t h   f e l s i t e ,   v e i n - q u a r t z   a n d  
i r o n s t o n e  1.4 1.8 

C l a y ,   s t o n y ,   s t i f f   t o   v e r y   s t i f f ,   p a l e  brown 
(5 YR 5 / 2 )   w i t h  a r edd i sh   hue   t o  7.4m becoming 
moderate  brown  (5 YR 3/4) t o   r e d d i s h  brown; 
c o n t a i n i n g  errat ics  of a n d e s i t e ,   s a n d s t o n e   a n d   b a s a l t  
w i t h   f e l s i t e ,   v e i n - q u a r t z ,   d o l e r i t e ,   s h a l e ,   c o a l ,  
q u a r t z i t e  and r h y o l i t e  10.8+ 12.6 

B o r e h o l e   t e r m i n a t e d   o w i n g   t o   s l o w   p r o g r e s s  

NT 26 NE 254 2638  6761 Broomhills,  City  Parish of Edinburgh Block G1 

Waste 8.7mt S u r f a c e   l e v e l  +123m 
(+404f t )  
Groundwate r   l eve l  +123m 
250mm p e r c u s s i o n  
September  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  Thickness   Depth 
m m 

S o i l ,   p e a t y  0.3 0.3 

A 1  luvium Clay ,   s i l t y ,   homogeneous ,   con ta in ing  some mica,  
moderate  brown (5 YR 4/4) w i t h   i r o n   s t a i n i n g  0.5 0.8 

Clay ,   homogeneous ,   l i gh t   b lu i sh   g rey  (5  B 5/1)  w i t h  
some i r o n   s t a i n i n g  0.5 1.3 

S i l t ,   c l a y e y ,   l a m i n a t e d ,   c o m p r i s i n g   m o d e r a t e  brown 
(5  YR 3/4) s i l t  wi th   b rownish   g rey  (5 YR 4/1) c l a y  
laminae 0.7 2.0 

T i l l  C l a y ,   s a n d y ,   s t o n y ,   s t i f f ,   m o d e r a t e  brown (5 YR 3/4) 
w i t h  a g r e y i s h   r e d   h u e ,   c o n t a i n i n g   a n g u l a r   t o  
sub rounded   e r r a t i c s   o f   s ands tone ,   g reywacke ,  
a n d e s i t e ,   f e l s i t e ,   v e i n - q u a r t z ,   c o a l   a n d   s h a l e  6.7+ 8.7 

Boreho le   t e rmina ted   owing   t o   s low  p rogres s  

7 9  



NT 26 NE 255 2632 6621 Old Pentland, Lasswade Block B 

Surface  level  +154m 
(+506f t) 
Water  struck  at  +137m 
250 and  200mm  percussion 
September 1982 

LOG 

Geological  classification T,i thology 

Overburden  2.7m 
Mineral 23.3m+ 

Thickness  Depth 
m  m 

Soil,  loam,  grey-brown 0.7  0.7 

Till Clay,  sandy,  stony,  firm  becoming  stiff,  moderate 
brown ( 5  YR  3/4)  with  a  reddish  hue;  containing 
angular to  rounded erratics of sandstone,  andesite, 
felsite,  greywacke,  coal,  shale  and  vein-quartz 

Fluvioglacial sand  and gravel  a  Pebbly  sand 
Gravel:  fine  with  coarse,  subrounded  to  well 
rounded,  yellow,  brown  and  white  sandstones, 
greywacke,  siltstone,  chert,  s5ale,  quartzite, 
andesite,  dolerite,  felsite  and  vein-quartz; 
mainly  durable 
Sand:  medium  and  fine  with  coarse,  subangular  to 
subrounded,  quartz  with  rock  and  coal  fragments 

Fines:  silt,  disseminated  and  in  seams  moderate 
brown (5  YR 3 / 4 )  to  moderate yellowish  brown 
(10 YR 5 / 4 )  

b  Gravel 
Gravel:  coarse  and  fine  with  some  cobbles,  as 

Sand:  medium  and  coarse  with  fine,  subangular, 

Fines:  silt,  disseminated,  moderate  brown 

above  in  shape and composition 

quartz  with  rock  fragments 

( 5  YR 3 / 4 )  

c 'Clayey'  sand 
Gravel:  fine  and  coarse,  rounded,  yellow 
sandstone,  felsite, vein-quartz,  coal,  shale, 
andesite  and  greywacke 

subrounded,  quartz  with  some  coal  and  rock 
fragments 

Fines:  silt,  disseminated  and  in  thin  seams, 
moderate  brown ( 5  YR 4 / 4 )  

Sand: fine with  medium  and  rare  coarse, 

d  Gravel 
Gravel:  coarse  with  fine  and  rare  cobbles, 
subangular to well  rounded,  red,  yellow,  brown 
and  white  sandstones,  andesite,  dolerite, 
greywacke,  vein-quartz,  felsite  and  shale 

subangular to subrounded,  quartz  with  rock 
fragments 
Fines:  silt,  disseminated  and  in  thin  seams, 
moderate  brown (5 YR 4 / 4 )  

Sand:  medium  with  coarse  and  some  fine, 

e 'Clayey'  sandy  gravel 
Gravel:  fine  and  coarse  with  rare  cobbles, 
subangular to well  rounded,  yellow,  brown  and 
red  sandstones,  andesite,  felsite,  greywacke, 
coal,  shale  and  vein-quartz 
Sand: fine with  medium  and  coarse,  subangular  to 
subrounded,  quartz  with  coal  and  rock  fragments 

Fines:  silt  and  clay,  disseminated  and  in  thin 
seams,  moderate  brown ( 5  YR 3 / 4 )  

2.0 2.7 

4.1  6.8 

2.6 9.4 

1.8 11.2 

3.1   14 .3  

3.0 1 7 . 3  

8 0  



NT 26 NE 255 cont'd. 

LOG 

Geological  classification  Lithology Thickness  Depth 
m m 

f 'Clayey'  sand 
Gravel:  rare,  fine and coarse,  subangular to 
rounded,  coal,  felsite,  sandstone,  andesite  and 
shale 
Sand: fine  with  medium  and  some  coarse,  angular 
to  subrounded,  quartz  with  feldspar,  coal  and 
rock  fragments 

Fines:  silt,  disseminated  and  in  seams,  moderate 
brown ( 5  YR 3 / 4 )  

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) 

Fines Sand 

-- 
a 8 

b 7 

C 1 9  

d 7 

e 1 6  

f 1 3  

a&b 8 

b&d 7 

a&b&d&e 9 

a&b 11 

a-f 1 2  

7 1  

38 

77  

37 

5 3  

8 5  

58 

37 

52 

54 

66 

Gravel 

21  

55 

4 

56 

3 1  

2 

3 4  

56  

39  

35  

22  

from to 

2.7-  3.4 
3.4-  4.2 
4.2-  5.8 
5.8-  6.8 

Mean 

6.8- 7.8 
7.8-  9.4 

Me  an 

9.4-10.4 
10.4-11.2 
Mean 

11.2-12.3 
12.3-13.3 
13.3-14.3 
Mean 

14.3-15.3 
15.3-16.1 
16.1-17.3 
Mean 

17.3-18.5 
18.5-19.7 
19.7-21.7 
21.7-23.9 
23.9-26.0 
Mean 

Ile an 

Mean 

Mean 

Me  an 

Me  an 

8.7+ 2 6 . 0  

percentages 

Fines Sand  Gravel 

4 6  -&-% 4-1 -4 +4-16  +16-64  +64 IMI 

------- 
1 6  

7 
5 
8 
8 

6 
7 
7 

1 4  
2 4  
1 9  

6 
6 
8 
7 

1 5  
1 6  
17 
1 6  

17 
10 
22 
1 2  

7 
1 3  

8 

7 

9 

11 

1 2  

2 6  
5 4  
10 
3 4  
27 

6 
7 
7 

43 
6 0  
51 

5 
5 
7 
6 

6 
1 3  
55  
28 

7 0  
68 
6 6  
29  
4 4  
53 

29 

6 

18  

22 

33 

1 9  
3 3  
4 3  
2 4  
32 

1 9  
18  
18 

37 
8 

2 4  

2 1  
2 5  
1 4  
2 0  

22  
1 4  

8 
1 4  

1 2  
22  
10 
4 3  
39 
27 

27 

1 9  

22  

2 1  

2 4  

9 
3 

2 1  
7 

1 2  

16  
11 
1 3  

3 
1 
2 

11 
1 3  

9 
11 

17  
11 

6 
11 

1 
0 
2 

10 
9 
5 

1 2  

1 2  

1 2  

11 

9 

17 
3 

17 
2 0  
1 5  

28 
2 5  
26 

3 
2 
2 

2 1  
28 
22  
23  

20 
2 4  
10 
17 

0 
0 
0 
3 
1 
1 

19  

2 5  

2 0  

18 

11 

1 3  
0 
4 
7 
6 

25 
32  
29 

0 
5 
2 

36 
2 3  
40  
3 3  

1 2  
22 

4 
11 

0 
0 
0 
3 
0 
1 

15 

3 1  

1 8  

1 6  

11 

0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 
0 

8 
0 
0 
3 

O §  
O §  
O §  
O §  
05 
0 

0 

0 

1 

1 

** 

8 1  



NT 26 NE 256 

S u r f a c e   l e v e l  +156m 
(+511f t )  
Groundwater   l eve l  +150m 
250mm p e r c u s s i o n  
August  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

T i l l  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

T i l l  

Carboni ferous   (Upper  O i l  S h a l e  
Group) 

Grading 

2686 6587 New Pentland, Lasswade Block B 

Overburden 1 . 8 m  
M i n e r a l  1 4m 
Waste 2.0m 
Bedrock  0.8mt 

L i tho logy   Th ickness   Dep th  
m m 

Made ground 0.9 0.9 

C l a y ,   s t o n y ,   f i r m   b e c o m i n g   s t i f f ,   m o t t l e d   m o d e r a t e  
r e d d i s h  brown (10 R 4 / 6 )   t o   m o d e r a t e  brown 
( 5  YR 4 / 4 ) ;   c o n t a i n i n g   a n g u l a r   t o   r o u n d e d  e r ra t ics  of  
s a n d s t o n e ,   s h a l e ,   c o a l ,   g r e y w a c k e ,   a n d e s i t e   a n d  
f e l s i t e  

' Clayey '   pebbly  sand 
G r a v e l :   f i n e   w i t h   c o a r s e ,   s u b a n g u l a r   t o  well 

rounded,   ye l low  and   red   sands tones ,   g reywacke ,  
s i l t s t o n e ,   s h a l e ,   c o a l ,   f e l s i t e ,   d o l e r i t e  and 
ve in -qua r t z  

subangu la r   t o   sub rounded ,   qua r t z   w i th   rock  
f r agmen t s  

F i n e s :  s i l t ,  d i s s e m i n a t e d   a n d   i n   t h i n  seams, 
moderate  brown (5 YR 4 / 4 )  

Sand: medium w i t h   f i n e   a n d  some c o a r s e ,  

S i l t ,   s a n d y ,   l a m i n a t e d ,   m o d e r a t e  brown (5 YR 3 / 4 )  

C lay ,   s tony ,   ha rd   and   g rey i sh  brown (5 YR 3 / 2 )   t o  
4.lm  becoming  very s t i f f  and   very   dusky   red  
(10 R 2 /2 ) .   Con ta in ing  e r ra t ics  of s a n d s t o n e ,  
g r e y w a c k e ,   s i l t s t o n e ,   s h a l e ,   m u d s t o n e ,   c o a l ,   a n d e s i t e  
and f e l s i t e  

Mudstone, s i l t y ,  medium g r e y  (N 5 )  t o  medium b l u i s h  
g rey   (5  B 5/1)  

0.9 1.8 

1.4 3.2 

0.7 3.9 

1.3  5.2 

0.8+ 6.0 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F ines   Sand   Grave l   F ines  Sand Grave l  

f r o m   t o  4 &-% +%-1 +1-4  +4-16  +16-64  +64 UNII 

--- ------- 
l o  84 6 1.8-  3.2  10  19 57 8 4 2 0 

82 



NT 26 NE 257 2716 6688 Straiton,  City  Parish of Edinburgh Block B 

Surface  level  +137m 
(+448f t) 
Groundwater  levels +130m and 
+121m 
250 and 200mm  percussion 
September  1982 

LOG 

Geological  classification 

Head 

Glacial sand  and  gravel 

Overburden 5.0m 
Mineral 2. Om 
Waste 1.2m 
Mineral 1.2m 
Waste 6.7m 
Bedrock 0.8mt 

1.7 2.0 

Lithology  Thickness  Depth 
m m 

Soil,  loam,  silty 0.3 0.3 

Silt,  clayey,  sandy,  containing  rare  pebbles, 
moderately  soft,  crudely  bedded  in  part,  mottled 
light  brown ( 5  YR 5 /6 )  to moderate  brown ( 5  YR  4/4) 
with  thin  black  coal  rich  laminae 

Clay,  silty,  laminated,  firm,  brownish grey 
(5  YR  4/1), containing  subangular to  rounded  pebbles 
of sandstone,  siltstone,  shale,  coal  and  andesite 
from 2.2 to  2.5m  and seams of fine  sand 

Clay, pebbly, sandy,  dark  yellowish  brown (10 YR  4/2), 
comprising  seams  of  silt  and  clay,  fine  sand  and 
coarse to fine  gravel, composed of sandstone, 
siltstone,  basalt,  andesite,  felsite,  coal,  dolerite, 
ironstone,  chert  and  vein-quartz 1.2  5.0 

a  ’Clayey’  sandy  gravel 2 .o 7.0 
Gravel:  coarse  with  fine  and  some  cobbles, 
subangular to rounded,  sandstone,  andesite, 
limestone,  conglomerate,  siltstone,  felsite, 
dolerite,  coal,  chert  and  vein-quartz 
Sand: fine and  medium  with  coarse,  subangular  to 
subrounded,  quartz with  feldspar,  coal  and  rock 
fragments 

Fines:  silt  and  clay,  disseminated  and  in  seams, 
moderate  yellowish  brown  (10  YR 5/4)  to dark 
yellowish  brown (10 YR 4/2) 

Silt,  sandy,  laminated,  containing  a pebbly seam, 
light  brownish  grey (5  YR 5/1)  

b  ‘Very  clayey’ sand 
Gravel: rare,  fine,  angular to subrounded, 
sandstone  with  andesite,  chert,  greywacke,  coal 
and  vein-quartz 

subangular to subrounded,  quartz  with  feldspar, 
coal and  rock  fragments 
Fines:  silt  and  clay,  disseminated  and  in  seams, 
light  brownish  grey (5 YR 5/1) 

Sand: fine  with  some  medium  and  rare  coarse, 

Silt, clayey,  laminated,  containing  seams  of  fine 
sand,  dark  grey (N 3 )  to  brownish  grey (5 YR 4/1) 

Clay,  stony,  silty,  stiff,  brownish  grey ( 5  YR  3/1) 
with  a  reddish  hue  -from 14.5m, containing  erratics  of 
sandstone,  limestone,  shale  and  coal  with  andesite, 
felsite and  quartzite 

Sandstone,  fine  grained, thinly  bedded,  containing 
carbonaceous  and  micaceous  laminae,  weathered,  pale 
yellowish  brown  (10  YR 6/2) becoming  darker  with 
depth 

1.8  3.8 

1.2 8.2 

1.2 9.4 

0.4 9.8 

Till 

6.3  16.1 

Carboniferous  (Lower O i l  Shale 
Group) 

0.8-t 16.9 
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Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

a 

F ines   Sand   Grave l   F ines  

f r o m   t o  4 6  

18  49  33 5.0- 5.8 29 

Mean 18 
5 .8-   7 .0   10  

b 28 7 1  1 8.2-  9.4 28 

a&b 22 57 21 Mean 22 

LOG 

Sand Grave 1 

33 26 6  4 2 0 
1 2  17 11   15  28 7 §  
20  20 9  11 18  4 

54  15  2  1 0 O §  

32  19 6 7 11 3 

NT 26 NE 258 

Sur f  ace l e v e l  
( + 4 4 2 . 3 f t )  
Water seepage  
P i t  
June  1982 

Alluvium 

2777 6637 Ashgrove, Lasswade 

+134.8m 

a t  +132.4m 

Block B 

Overburden l . l m  
M i n e r a l  1 .  l m  
Waste 0.2mt 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y   T h i c k n e s s   D e p t h  
m m 

S o i l ,   s i l t y ,   g r e y  0.3  0.3 

C l a y ,   s i l t y ,   p e b b l y ,   s o f t ,   o r a n g e - b r o w n ,   c o n t a i n i n g  
some weathered   pebbles  0.7  1.0 

C l a y ,   p e b b l y ,   s t i f f ,  medium g r e y ,   c o n t a i n i n g   a n g u l a r  
t o   s u b r o u n d e d   p e b b l e s   o f   a n d e s i t e ,   s a n d s t o n e ,   c o a l  
a n d   s h a l e  

' C l a y e y '   s a n d y   g r a v e l ,   p o o r l y   s o r t e d  
G r a v e l :   c o a r s e   a n d   f i n e ,   a n g u l a r   t o   s u b r o u n d e d ,  

Sand: f i n e   w i t h  medium and some c o a r s e ,   a n g u l a r  

F ines :  s i l t  a n d   c l a y ,   d i s s e m i n a t e d ,  medium g r e y  

a n d e s i t e   w i t h   s a n d s t o n e ,   s h a l e   a n d   c o a l  

t o   s u b a n g u l a r ,   r o c k   f r a g m e n t s   a n d   q u a r t z  

T i l l  C l a y ,   s t o n y ,   s t i f f ,  medium g r e y ,   c o n t a i n i n g   a n g u l a r   t o  
subangu la r  errat ics  o f   a n d e s i t e ,   s a n d s t o n e ,   w e a t h e r e d  
s h a l e   a n d   c o a l  

Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F ines   Sand   Grave l   F ines  Sand Grave l  

f r o m   t o  4 &-% +%-1  +1-4  +4-16  +16-64  +64 mm 
~ - -  ------- 
16 52 32 1.1- 2.2 16 29 16 7 14 18 0 

0.1 1.1 

1.1 2.2 

0.2+  2.4 
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NT 26 NE 259 

Surface  level  +109m 
(+356f t) 
Water  not  struck 
250mm  percussion 
August  1982 

LOG 

Geological  classification 

Till 

Fluvioglacial  sand  and  gravel 

Till 

Carboniferous  (Upper  Limestone 
Group) 

Grading 

2949 6715 Parkburn, Lasswade Block B 

Overburden 1.8m 
Mineral 1.4m 
Waste 0.3m 
Bedrock 0.9mt 

Lithology  Thickness  Depth 
m  m 

S o i l  0.5  0.5 

Clay,  sandy,  silty,  stony,  firm to moderately  stiff, 
mottled  pale  brown (5 YR 5/2)  to  light  brown 
(5 YR  5/6), containing  erratics of sandstone  with 
shale,  dolerite,  coal,  siltstone,  andesite and 
quartzite 

'Clayey'  pebbly  sand 
Gravel: fine  with  coarse,  angular to rounded, 
sandstone  with  coal,  siltstone,  vein-quartz, 
andesite,  felsite,  greywacke and  shale 
Sand:  medium  with  coarse  and  fine,  suhangular  to 
subrounded,  quartz  with  rock and  coal  fragments 

Fines: silt,  disseminated,  dark  yellowish  brown 
(10 YR  4/2) 

Clay,  stony,  stiff,  mottled  moderate  brown (5 YR 4/4 
to 5 YR  3/4),.containing  erratics  of  sandstone, 
ironstone and  dolerite 

Sandstone,  fine  grained,  weathered, very  pale  orange 
(10 YR 8/4) 

1.3 1.8 

1.4 3.2 

0.3  3.5 

0.9+ 4.4 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel  Fines  Sand  Gravel 

from to 4 &-% +%-1 +1-4  +4-16  +16-64  +64 w 
--- ------- 
19 65 16  1.8-  3.2  19 12  35 18 11 5 0 

a 5  



NT 26 NE 260  

Surface  level +127m 
(+416f t) 
Water  not  struck 
250mm percussion 
September 1982 

LOG 

2910 6 6 6 9  

Geological  classification  Lithology 

Wester Melville, Lasswade Block G1 

Waste 4.9m 
Bedrock 0.5m+ 

Thickness  Depth 
m m 

S o i l ,  sandy,  brown 0 . 7   0 . 7  

Till Clay,  stony,  stiff,  moderate  brown ( 5  YR 4 / 4 )  to dark 
yellowish  brown (10 YR 4 / 2 ) ,  containing  angular to 
well  rounded  erratics  of  sandstone,  quartzite, 
andesite,  dolerite,  vein-quartz,  porphyry  and 
conglomerate.  Becoming  dusky  brown (5 YR 2 / 2 )  to 
brownish  grey (5 YR 4 / 1 ) ,  moderately  stiff  and 
including  mudstone  and  felsite  erratics  below 3.5m 

Carboniferous  (Upper  Limestone  Seatrock,  mudstone,  dark  grey  to  black,  and  fine 
Group)  grained  white  sandstone.  Deposits  micaceous, 

calcareous  and  containing  root  casts 

NT 26 ME 261  2936  6602 Wadingburn,  Lasswade 

S u r f a c e   l e v e l  +118m 
(+386f t )  
Water n o t   s t r u c k  
250  and 200mm p e r c u s s i o n  
September  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  

4 . 2   4 . 9  

0.5+ 5 . 4  

Block B 

Overburden O.4m 
Mine ra l  1.3m 
Waste 3.0m 
M i n e r a l  13.6m 
Waste 3 . O d  

Thickness   Depth 
m m 

S o i l ,   s a n d y  0.4 0.4 

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  a ' C l a y e y '   s a n d y   g r a v e l  
G r a v e l :   f i n e   w i t h   c o a r s e ,   s u b a n g u l a r   t o  wel l  

r o u n d e d ,   s a n d s t o n e ,   f e l s i t e ,   q u a r t z i t e ,  
v e i n - q u a r t z ,   a n d e s i t e ,   d o l e r i t e ,   c h e r t   a n d   c o a l  

s u b a n g u l a r   t o   s u b r o u n d e d ,   q u a r t z   w i t h   f e l d s p a r  
and   rock   f ragments  

Sand: f i n e   w i t h  medium and some c o a r s e ,  

F i n e s :  s i l t  and   c l ay ,   d i s semina ted  

T i  11 

C l a c i o l a c u s t r i n e   d e p o s i t s  

T i  11 

C l a y ,   s t o n y ,   s a n d y ,   f i r m   t o   s t i f f ,   p a l e  brown 
( 5  YR 5 / 2 )   t o   m o d e r a t e  brown ( 5  YR 4 / 4 )  wi th  a 
r e d d i s h   h u e ,   c o n t a i n i n g   a n g u l a r   t o   r o u n d e d  e r r a t i c s  
o f   s a n d s t o n e ,   c o a l ,   s h a l e ,   a n d e s i t e ,   f e l s i t e   a n d  
d o l e r i t e  

b 'Clayey '   sand 
Gravel :  t race  of f i n e ,   c o a l  
Sand: f i n e   w i t h  some medium and trace o f  

c o a r s e ,   s u b r o u n d e d ,   q u a r t z   w i t h   c o a l   f r a g m e n t s  

d i s s e m i n a t e d ,   l i g h t  brown ( 5  YR 5 / 6  t o  
5 YR 6 / 4 )  

F i n e s :  s i l t  w i t h   c l a y ,   i n   l a m i n a t e d  seams and 

1.3 1.7 

3.0 4.7 

13.6  18 .3  

S i l t ,   l a m i n a t e d ,   c o n t a i n i n g   t h i n   c l a y   l a m i n a e   a n d  some 
c o a l   d e b r i s ,   d u s k y  brown ( 5  YR 2 / 2 ) ,   t o   g r e y i s h  brown 
( 5  YR 3 / 2 )   1 . 2  1 9 . 5  

C l a y ,   s t o n y ,   v e r y   s t i f f ,   d u s k y   y e l l o w i s h  brown 
(10 YR 2 / 2 ) ,   c o n t a i n i n g   a n g u l a r   t o   s u b r o u n d e d  
e r r a t i c s  o f   s a n d s t o n e ,   g r e y w a c k e ,   a n d e s i t e ,   f e l s i t e ,  
c o a l ,   s h a l e ,   v e i n - q u a r t z ,   a n d   m u d s t o n e  0.7 2 0 . 2  

8 6  



NT 26 NE 261 c o n t ' d .  

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  Thickness   Depth 
m m 

C l a y ,   s i l t y ,   s t o n y ,   f i r m ,   s i m i l a r   i n   c o l o u r   a n d  
e r r a t i c   c o n t e n t   t o   a b o v e   d e p o s i t   b u t   c o n t a i n i n g  some 
i n t e r h e d d e d   l a m i n a t e d  s i l t  0.4  20.6 

C l a y ,   s t o n y ,   s t i f f ,   g r e y i s h  brown ( 5  YR 3 / 2 )  w i t h  a 
r e d d i s h   h u e ,   c o n t a i n i n g   a n g u l a r   t o   r o u n d e d  errat ics  
of s a n d s t o n e ,   a n d e s i t e ,   f e l s i t e ,   c o a l ,   s h a l e   a n d  
v e i n - q u a r t z  0.7+  21.3 

Borehole   t e rmina ted   owing   to  slow p r o g r e s s  

Grading 

Mean f o r  Depos i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel   Fines   Sand  Gravel  

f r o m   t o  4 &-% +%-1 +1-4 +4-16  +16-64  +64 DITI 

a 13  65  22  0.4-  1.7  13  32  22  11  17 5 0 

b 18 8 2  0 4.7-  5.7 
5 .7 -   7 .0  
7.0- 8.0 
8 . 0 -   9 . 0  
9.0-10.0 

10.0-11.0 
11.0-12.0 
12.0-13.0 
13.0-14.0 
14.0-15.0 
15.0-17.0 
17.0-18.3 
Mean 

29 
18 
10 
1 4  
1 3  
22  
18 
1 6  
1 4  
11 
1 9  
26  
18 

67 
7 6  
8 9  
8 2  
82  
7 6  
7 8  
77 
61 
68 
66  
6 9  
7 4  

3 
3 
1 
4 
5 
2 
4 
7 

25 
2 1  
1 5  

5 
8 

1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 ** 

0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 ** 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

a&b 17 8 1  2 Mean 17 7 1  9 1 2 ** 0 

8 7  



NT 26 NE 262 

Surface  level +65.5m 
(+214.9ft) 
Water not struck 
Pit 
June  1982 

LOG 

2991 6553 

Geological  classification  Lithology 

Polton House, Lasswade Block B 

Overburden 0.8m 
Mineral 1.3m+ 

Thickness  Depth 
m  m 

Made  ground 0.8 0.8 

Alluvium Gravel,  finely  bedded 1.3+  2.1 
Gravel: coarse,  fine and  cobble,  subrounded  to 
well  rounded,  red  and  white  sandstones, 
andesite, basalt, felsite,  quartzite  and 
vein-quartz 
Sand:  medium  and  coarse  with  fine,  subangular  to 
subrounded,  quartz  with  rock  fragments 
Fines: silt,  disseminated,  medium  brown 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel  Fines  Sand  Grave 1 

from to -% 4G-k +%-1 +1-4  +4-16  +16-64  +64 mm 

1 34  65 0.8- 2.1 1 7 14 13 18 23 24 

NT 26 NE 263 

Surface  level  +109m 
(+358f t) 
Water  not  struck 
Section, sampled  by  hand 
December  1982 

Geological  classification 

Fluvioglacial  sand  and  gravel 

2974 6683  Melville  sand p i t ,  Lasswade Block B 

Overburden 0.3m 
Mineral 12.Om-t 

T,ithology Thickness  Depth 
m m 

Soil 0.3  0.3 

a  Gravel  2 .o 2.3 
Gravel:  coarse  and  fine  with  rare  cobbles, 
subangular to well  rounded,  sandstone,  coal, 
shale,  felsite,  andesite and  vein-quartz 

to subangular,  quartz  with  rock  fragments 
Sand:  medium  with  coarse  and  rare  fine,  angular 

Fines: silt,  disseminated,  moderate  brown 

b  Sand, finely  bedded 10.0+  12.3 
Sand:  fine  with  medium  and  trace  of  coarse, 
subangular to subrounded,  quartz  with  some  rock 
and  coal  fragments 

moderate  brown 
Fines: silt, disseminated  and  in  thin seams, 

88 



Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  ( m )  p e r c e n t a g e s  

F i n e s  Sand G r a v e l   F i n e s  Sand Grave l  

f r o m   t o  4 4 - k  +%-1 +1-4 +4-16 +16-64  +64 mm 

a 1 4 3  56 0.3-  2.3 1 3  26 14  25  31 0 

b 7 9 3  0 2.3-12.3 7 54  39 ** 0 0 0 

a&b 6 8 5  9 Me an  6 4 5  37 3  4  5 0 

NT 26 SW 82 2096 6086 Grain Bum, Penicuik Block C 

S u r f a c e   l e v e l  c+290m 
(c+951f t )  
Water seepage a t  c+289rn 
P i t  
June  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  

Overburden 0.2m 
Minera l  1.8m 
Waste O . l m +  

Thickness   Depth  
m m 

S o i l  0.2  0.2 

A 1  l u v  i um 

T i l l  

Grading 

Mean f o r   D e p o s i t  
p e r c e n t a g e s  

Grave l  
G r a v e l :   c o a r s e ,   f i n e   a n d   c o b b l e ,   a n g u l a r   t o  

S a n d :   c o a r s e   t o   f i n e ,   a n g u l a r   t o   s u b a n g u l a r ,  

F i n e s :  s i l t ,  d i s s e m i n a t e d ,  medium brown 

r o u n d e d ,   a n d e s i t e   w i t h  some s a n d s t o n e  

rock   f r agmen t s   and   qua r t z  

C l a y ,   s t o n y ,   s t i f f ,   d a r k   g r e y i s h  brown, c o n t a i n i n g  
a n g u l a r   t o   s u b r o u n d e d  e r ra t ics  o f   a n d e s i t e ,  
s ands tone ,   g reywacke   and   coa l  

Depth  below 
s u r f a c e  (m) p e r c e n t a g e s  

1.8 2 .o 

0.1+ 2.1 

Fines   Sand  Gravel  F ines   Sand   Grave l  

f r o m   t o  4 2  4 - k  +%-1 +1-4 +4-16  +16-64  +64 

4 3 3   6 3  0.2- 1.2 2 4 9 15 20 26 2 4  
1.2- 2.0 6 1 3  14  1 3  21   19   14  

Me an  4 8 1 1   1 4  20 23  20 

8 9  



NT 26 SW 83 

Surface  level +262.5m 
(+861.2ft) 
Groundwater  level +252.8m 
250mm  percussion 
August  1982 

LOG 

Geological  classification 

Till 

Fluvioglacial sand  and  gravel 

Till 

?Glaciolacustrine  deposits 

Till 

2192  6076 Coates, Penicuik 

Lithology 

Soil 

Clay,  silty,  sandy,  stony,  firm, mottled  moderate 
reddish  brown (10 R 4/6) 

a 'Very  clayey'  sand 

Silt, 

Gravel:  rare  fine  with  trace of coarse, mainly 
angular,  sandstone  and  andesite  with  porphyry 
vein-quartz  and  shale 

subangular to rounded,  quartz  with  some  coal 
fragments 

Fines: silt, disseminated  and  in seams,  light 
brown (5 YR 5/6) 

Sand: fine  with  rare  medium  and  coarse, 

laminated,  with  fine  sand  seams  and  rare 
pebbles,  colour  laminated,  moderate  brown (5 YR 4/4) 
and  brownish  grey ( 5  YR 4/1) 

b 'Clayey'  pebbly  sand 
Gravel:  coarse  and  fine  with  rare  cobbles, 
angular to rounded,  andesite,  sandstone, 
greywacke,  vein-quartz,  basalt  and  rare  felsite 
Sand:  fine  with  some  medium  and  rare  coarse, 
angular to subrounded,  quartz  with  mica  and 
some  rock  fragments,  with  coal  debris 
concentrated  in  seams 

grey  (5 YR 4/1) 
Fines:  silt,  disseminated  and  in  seams,  brownish 

Clay,  stony,  sandy,  stiff,  greyish  brown (5 YR 3/2) to 
10.2m  becoming greyish red (10 R 4/2), containing 
angular to well rounded  erratics of sandstone, 
andesite,  basalt,  greywacke,  vein-quartz,  quartzite, 
siltstone,  coal  and  shale 

Silt,  containing  rare  laminae of fine  sand  and rare 
pebbles,  moderate  brown (5 YR 3/3) 

C l a y ,  stony,  sandy,  stiff,  greyish red  (10 R 4/2), 
containing  erratics of  red sandstone  with  some  grey 
sandstope,  andesite,  basalt,  limestone,  dolerite  and 
Felsite 

Carboniferous (Upper  Oil  Shale  Sandstone,  fine  grained,  massive,  fresh,  greyish red 
c r o u p )  ( 5  R 4/21  but  locally  mottled  with  greyish  pink 

(5  R 7/2) 

Block C 

Overburden 2.2m 
Mineral 2.7m 
Waste 2.4m 
Mineral 1.9m 
Waste 5.2m 
Bedrock 0.3m-t 

Thickness  Depth 
m  m 

0.3 0.3 

1.9 2.2 

2.7 4.9 

2.4 7.3 

1.9 9.2 

3.3 12.5 

0.5 13.0 

1.4  14.4 

0.3+ 14.7 

90 



Grading 

Mean  for  Deposit Depth  below 
percentages sur  face (m) percentages 

___- 

Fines Sand  Gravel F i n e s  Sand  Gravel 
-I__ -- 

from to -& &-% +%-1 +1-4  +4-16  -I-16-64 +54 mm 
__I-- _l_l.----- 

a 26 73 1 2.2-  3.9 33 57 6 2 2 0 0 
3.9-  4.9 15 84 1 0 0 0 0 

Mean 26 68 4 1 1 ** 0 

b 15 70 15  7.3- 8.3 14 65 9 2 4 6 0 6  
8.3- 8.5 16 58 9 3  7  7 o s  
8.8- 9.2  15  43 14 4 9 8 7 s  
Me  an 15 57 10 3 6 7 2 

a&b 21 72 7  Me  an  21 64 6 2 3  3 1 

NT 26 SW 84 

Surface  level +275.9m 
(+905.2f t) 
Groundwater  level +256.7m 
250 and 200mm  percussion 
August  1982 

LOG 

Geological  classification 

2104 6006 Silverburn, Penicuik 

Lithology 

Glacial  sand  and  gravel 

~ ~~ ~~ ~~~ ~~ ~~ 

Soil,  sandy  with  pebbles,  medium  to  dark  brown 

a  'Clayey'  pebbly  sand 
Gravel: fine  with  coarse,  subangular  to  well 
rounded,  yellow,  cream  and  red  sandstones, 
greywacke,  shale,  andesite,  felsite, 
vein-quartz,  coal  and  chert 

subrounded,  quartz  with  some  coal,  rock 
fragments  and  feldspar 

2.9m, moderate  brown (5 YR 3 / 4 )  

Sand:  medium  and  fine  with  coarse,  subangular  to 

Fines: silt, disseminated  and  in  seams from 

b 'Clayey'  sand 
Gravel:  trace  of  fine 
Sand: fine  with  medium  and  rare  coarse, 
subangular to subrounded,  quartz  with coal ,  
some rock  fragments  and  feldspar 

Fines: silt,  disseminated  and  in  seams,  moderate 
brown (5 YR 3/4)  to  moderate  yellowish  brown 
(10 YR 5 / 4 )  and  greyish  brown (5 YR 4/2)  below 
10.6m 

c  'Clayey'  gravel 
Gravel: fine  with  coarse and  rare  cobbles, 
mainly  subangular  to  subrounded,  sandstone, 
greywacke,  basalt,  dolerite,  limestone  and  rare 
felsite;  clasts  mainly  durable 

subangular,  quartz  and  rock  fragments 

brown (10 YR 5/2)  to moderate  yellowish  brown 

Sand:  coarse  and  medium  with  fine,  mainly 

Fines: silt,  disseminated,  greyish  yellowish 

(10 YR 5 / 4 )  

Block C 

Overburden 0.3m 
Mineral 16.9m 
Waste 7.8m-k 

Thickness  Depth 
m  m 

0.3 0.3 

5.1  5.4 

6.7 12.1 

2.9  15.0 

9 1  



NT 26 SW 84 cont'd 

LOG 

Geological  classification  Lithology 

d 'Clayey'  pebbly  sand 
Gravel: fine and  coarse,  angular  to  rounded, 
sandstone,  greywacke,  coal,  andesite,  chert, 
felsite and  shale 

subrounded,  quartz  and  rock  fragments  with 
feldspar  and  seams of coal  debris 

yellowish  brown (10 YR 5/2) 

Sand:  medium  with  fine  and coarse,  subangular  to 

Fines:  silt  and  clay,  mainly  in seams,  greyish 

Glaciolacustrine  deposits  Silt,  laminated,  containing  seams  of  fine  sand  and 
rare  pebbles,  moderate  yellowish  brown (10 YR 5 / 4 )  
and  light  brownish  grey (5 YR 5/1)  

Till  Clay,  stony,  sandy,  silty, soft  to  22.9m  becoming 
stiff,  moderate  yellowish  brown (10 YR 5 / 4 )  to  22.5m 
becoming  dusky  yellowish  brown (10 YR 3 / 2 ) ,  
containing  angular to  rounded  erratics  of andesite 
and  sandstone  with  limestone,  coal,  felsite, 
vein-quartz,  ironstone  and  dolerite 

Grading 

a 

Thickness Depth 
m m 

2.2 17 .2  

5.0 22.2 

2.8+  25.0 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

b 1 9   8 1  0 

C 

d 

a&c 

b&d 

a-d 

Pines Sand  Gravel 

from to 
--- 
l o  7 1  19 0.3-  1.4 

1.4-  2.3 
2.3-  3.4 
3.4-  4.4 
4.4-  5.4 

Mean 

5.4-  6.4 
6.4-  7.4 
7 . 4 -   8 . 4  
8.4-  9.4 
9.4-10.6 

10.6-12.1 
Mean 

11 40  49  12.1-13.1 
13.1-14.1 
14.1-15.0 
Me an 

16   78  6 15.0-16.0 
16.0-17.2 
Mean 

10 6 0  30  Mean 

18 80 2 Mean 

14   72  1 4  Mean 

Fines 

4 

1 
1 3  
1 3  
1 2  
1 3  
10 

10 
1 2  
1 5  
17 
2 6  
26 
1 9  

1 2  
7 

1 3  
11 

1 9  
1 3  
1 6  

10 

1 8  

1 4  

Sand 

4 2 %  +%-1 +1-4 

-.____- 

5 1 9   4 4  
47  28 8 
27 27 10 
34   35  8 
2 4  36 7 
27 28 16 

44  42 4 
42  45 1 
57 26  1 
64  19  0 
62   12  0 
46 27 1 
52  28 1 

8 18 22 
7 11 11 

10 17 1 7  
8 1 5  17  

27 44  9 
1 7  37 22 
22   40   16  

20 2 4   1 6  

44  31 5 

34  28  10 

Gravel 

+4-16  +16-64  +64 w 
--- 
25 6 0 

3 1 0 
17 6 0 
1 0  1 0 
11 9 0 
1 4  5 0 

0 0 0 
0 0 0 
1 0 0 
0 0 0 
0 0 0 
0 0 0 ** 0 0 

31 9 0 
24   33  7 
27 1 6  0 
28 1 9  2 

1 0 0 
5 6 0 
3 3 0 

1 9  10 1 

1 1 0 

9 5 ** 
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NT 26 SW 85 

S u r f a c e   l e v e l  d-271m 
(c+889f t )  
Wate r   s t ruck  a t  c+269m 
P i t  
June  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

Head 

Glacial sand   and   g rave l  

2277 6376 

L i t h o l o g y  

Castlelaw, Glencorse Block G 1  

Overburden 0.9m 
Mine ra l  1.2mf 

Thickness   Depth  
m m 

S o i l  0.2  0.2 

C l a y ,   s i l t y ,   s a n d y ,   p e b b l y ,   t e n a c i o u s ,   m o t t l e d  
b r o w n i s h   r e d ,   c o n t a i n i n g   a n g u l a r   t o   r o u n d e d  clasts of 
a n d e s i t e   w i t h  some sands tone   and   coa l  0.7 0.9 

‘Very  c layey’   sand 1.2+ 2.1 
G r a v e l :   f i n e   w i t h   c o a r s e ,   r o u n d e d ,   p r e d o m i n a n t l y  

Sand: f i n e   w i t h  some  medium and rare c o a r s e ,  
a n d e s i t e   w i t h  some c o a l  

subangu la r   t o   sub rounded ,   qua r t z   w i th   coa l   and  
rock   f r agmen t s  

F ines :  s i l t ,  d i s s e m i n a t e d ,  medium brown 

Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel   Fines   Sand  Gravel  

f r o m   t o  -& fk-% +%-1 +1-4  +4-16 +16-64  +64 ~III 

--- ------- 
32 65 3 0.9-  2.1 32 55  8 2 2 1 0 

9 3  
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NT 26 SW 86 2296  6133  Cuiken,  Glencorse Block C 

Surface  level c+21Om 
(d-688f t) 
Water  struck  (artesian)  at 
19-2 06m 
250mm percussion 
August 1982 

LOG 

Geological  classification 

Till 

Glacial sand  and  gravel 

Till 

Lithology 

- 
Soil 

Clay,  sandy,  stony,  soft and  moderate  brown (5 YR 4/4) 
to 1.0m becoming  firm  and  dusky  brown (5 YR 2/2) to 
brownish  black (5 YR 2/1). Containing  erratics of 
sandstone,  andesite,  mudstone  and  coal 

Gravel 
Gravel:  cobble  and  coarse  with fine,  subangular 
to  rounded,  sandstone,  tuff,  andesite,  basalt, 
felsite,  quartz,  dolerite,  psammite,  greywacke, 
coal  and  rare  granite 

to  subrounded,  quartz  and  rock  fragments 
Sand: fine  and  medium  with  some  coarse,  angular 

Fines:  clay,  moderate  brown 

Clay,  stony,  very  stiff,  brownish  black (5 YR 2/1) to 
dusky  yellowish  brown (10 YR 2/2), sandy  in  places, 
containing  erratics  of  andesite,  sandstone,  greywacke 
and  quartzite  with  felsite,  basalt,  vein-quartz  and 
muds  tone 

Overburden 4.0m 
Mineral 1.6m 
Waste 1.5& 

Thickness Depth 
m  m 

0.1 0.1 

3.9 4.0 

1.6 5.6 

1.5+ 7.1 

Borehole  terminated  owing  to  artesian  water  flow 

Grading 

Mean  for  Deposit 
percentages 

Depth  below 
surf ace (m) percentages 

Fines  Sand  Gravel Fines Sand  Gravel 

from to 4 +k-f +%-1 +1-4  +4-16  +16-64  +64 mm 
--- ------- 
7  36  57  4.0-  5.0 7 10 12 4  10 27 30 s 

5.0-  5.6 8 22  19  9 12 11 19 fs 
Mean 7 15  15 6 11 21 25 

NT 26 SW 87 

Surface  level c+229m 
(d.751f t) 
Water  seepage  at ct227m 
Pit 
June 1982 

LOG 

Geological  classification 

2342 6370 Crosshouse,  Glencorse 

Lithology 

Till 

Soil 

Clay,  stony,  stiff,  mottled  brownish  red,  containing 
angular to  rounded  erratics  of  andesite  with 
sandstone,  greywacke,  coal  and  felsite 

94 

Block G1 

Waste 1.9mt 

Thickness Depth 
m m 

0.2  0.2 

1.7+  1.9 



NT 26 SW 88 2377 6289 Glencorse Mains, Glencorse 

Surface  level  d-186m 
(c+610f t) 
Water  not  struck 
Pit 
cJune 1982 

LOG 

Geological  classification  Lithology 

Block G1 

Waste 1.8m-t- 

Thickness  Depth 
m m 

Soil 0.2 0.2 

Till 

NT 26 SW 8 9  

Surface  level +202=9m 
(+665.7ft) 
Water  not  struck 
Pit 
June  1982 

LOG 

Geological  classification 

Alluvium 

Grading 

Clay,  stony,  stiff,  mottled  yellow-orange-red-brown, 
containing  angular to  rounded  erratics  of  sandstone, 
andesite  and  basalt  with  some  greywacke,  quartzite 
and  ironstone 

2410 6455 

Lithology 

Fulford,  Glencorse 

1.6+ 1.8 

Block G1 

Overburden 0.3m 
Mineral 2. Om-t- 

Thickness  Depth 
m m 

Made  ground 0.3  0.3 

Gravel  2 .o+ 
Gravel:  coarse  and  fine  with  cobbles,  subrounded 
to well  rounded.,  andesite  with  red  and  white 
sandstones,  basalt,  tuff,  felsite,  greywacke, 
granite  and  vein-quartz 
Sand:  coarse to fine,  subangular to subrounded, 
quartz  with  rock  fragments,  medium  brown 
Fines: silt,  disseminated  with  a  mottled  greyish 
orange  clayey  silt  seam  from 1.7 to 1.8m 

2.3 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel  Fines  Sand  Gravel 

from to -% A-% +%-1 +1-4 +4-16  +16-64 t64 mm 
--- ------- 

6 37 57 0.3- 2 . 3  6 9 14  14 19 24 14 
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2409 6454 Fulford,  Glencorse Block G1 

Overburden 0.4m 
Mineral 4.3m 
Waste 3.0m 
Bedrock 0.3m-l- 

NT 26 SW 90 

Surface  level +202.9m 
(+665.7ft) 
Water  struck  at +198.2 and 
+195.2m 
250mm percussion 
September  1982 

LOG 

Geological  classification  Lithology  Thickness  Depth 
m m 

Alluvium 

Till 

Lower  Devonian 

Grading 

Mean  for  Deposit 
percentages 

Soil,  clayey,  medium  brown 0.4 0.4 

'Clayey'  sandy gravel 4.3  4.7 
Gravel:  fine  with  coarse  and  rare  cobbles, 
angular  to  well  rounded,  andesite  with  yellow 
and  brown  sandstones,  shale,  coal,  greywacke, 
felsite,  siltstone,  quartzite,  dolerite  and 
vein-quartz 

subangular,  quartz  and  rock  fragments 

brown (5 YR  3/4 to 5 YR 4/4) 

Sand:  medium,  fine  and  coarse,  angular  to 

Fines:  silt  and  clay,  disseminated,  moderate 

Clay,  sandy,  stony,  firm  becoming  stiff,  dark  reddish 
brown  (10 R 3/4), containing  erratics of andesite, 
felsite,  greywacke,  sandstone,  siltstone,  shale, 
quartzite  and  vein-quartz 

Andesite,  fresh,  dark  grey  with  a  reddish hue, 
containing  green  amygdales 

3 .O 7.7 

0.3+ 8.0 

Depth  below 
surface (m) 

Fines Sand  Gravel 

from to 

12 44 44 0.4- 2.0 
2.0- 3.2 
3.2-  4.2 
4.2-  4.7 

Mean 

Till 

percentages 

Fines Sand  Gravel 

-% 4-% +%-1 +1-4  +4-16  +16-64  +64 IMI 

------- 
20 12 15 11 22 20 0 

8 17 24  14 24  13 0 
6 15 19 13 28 19 0 
5 9 14 10 27  35 0 
12  14 18 12 25 19 0 

NT 26 SW 91 

Surface level  ct206m 
(c+676f t) 
Water  seepage  at  ct204m 
Pit 
June  1982 

LOG 

Geological  classification 

2408 6399 Easter  Eowgate, Glencorse Block GI 

Waste 2.0& 

Lithology  Thickness  Depth 
m  m 

Soil 0.3 0.3 

Clay,  silty,  stony,  soft to tenacious,  orange-brown, 
containing  angular  erratics  up  to 15mm across 0.6 0.9 

Clay, stony,  tenacious to stiff, brownish  grey, 
containing  angular  erratics of andesite  and  sandstone 1 .l+ 2.0 

9 6  



NT 26 SW 92 

Surface  level cl-189m 
( c+620f t) 
Water  not  struck 
Pit 
June 1982 

LOG 

2461 6394 

Geological  classification  Lithology 

Woodside Cottages, Glencorse Block G1 

Waste 0.9mt 

Thickness  Depth 
m m 

Soil,  clayey  loam 0.3 0.3 

Till 

NT 26 SW 93 

Surface  level 
(c+630f t) 
Water  seepage 
Pit 
May  1982 

LOG 

dl 92m 

at  d-190m 

Geological  classification 

Glacial  sand  and  gravel 

Clay,  stony,  tenacious to stiff, mottled brown, 
containing  subangular to  subrounded  erratics  of 
sandstone,  mudstone  and  coal 

2428 6366 

Lithology 

Bush House, Glencorse 

0.6+ 0.9 

Block G1 

Overburden 0.8m 
Mineral 1.2m-k 

Thickness  Depth 
m m 

Soil 0.3 0.3 

Silt,  sandy,  mottled  pinkish  brown 0.5 0.8 

'Clayey'  sand 
Sand: fine  with  some  medium,  subrounded, 

Fines: silt,  disseminated  and  in  some  thin 
quartz  with  coal  fragments 

seams,  moderate  brown 

1.2+ 2.0 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel Fines Sand Gravel 

from to 4 &-+ +%-1 +1-4 +4-16 +16-64 +64 w 
--- ------- 
14 86 0 0.8- 2.0 14 7 4  1 2  0. 0 0 0 
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NT 26 SW 94 

Surface  level  +190m 
(+623f t) 
Water  struck  at  +181m 
250 and  200mm  percussion 
August  1982 

LOG 

2488 6069 

Geological  classification  Lithology 

Maybank, Lasswade Block C 

Overburden 0.2m 
Mineral 12.3m 
Waste 8.8m-t 

Thickness  Depth 
m  m 

Soil,  gravelly,  brown 0.2  0.2 

Fluvioglacial  sand  and  gravel a Sandy  gravel 
Gravel:  coarse  and  fine  with  rare  cobbles, 
subangular to well  rounded,  sandstone, 
greywacke,  felsite  and  andesite  with 
vein-quartz  and  shale 

and  rock  fragments  with  some  coal 
Sand:  medium  with  fine  and  some  coarse,  quartz 

Fines:  silt,  disseminated,  brown 

Glaciolacustrine  deposits 

Till 

b 'Clayey'  sand 
Gravel:  trace  of  fine,  vein-quartz,  andesite 

Sand:  fine  with  medium  and  rare  coarse,  angular 
and  sandstone 

to  subrounded,  quartz  with  rock  and  coal 
fragments 

Fines: silt,  micaceous,  brown 

c 'Very  clayey'  sand 
Gravel:  trace of fine 
Sand:  fine  with  rare  medium  and  trace of 
coarse,  angular to subrounded,  quartz  with  rock 
fragments 
Fines: silt,  micaceous,  brown 

Silt,  laminated,  with  clay  and  sand  seams  and  coal 
rich  laminae,  pale  brown (5 YR 5/2)  and  brownish  grey 
(5 YR 4 / 1 ) .  Containing  some  pebbles of sandstone, 
andesite and coal  towards  base 

Clay,  stony,  sandy,  hard,  greyish  brown (5 YR 3/2), 
containing  erratics  of  andesite,  basalt,  limestone, 
chert,  mudstone  and  sandstone.  Becoming  dark  grey 
(N 4 )  and  rich  in  weathered  mudstone  and  sandstone 
towards  base 

1.8  2.0 

5.0 7.0 

5.5 12.5 

6.0 18.5 

2.8+  21.3 

Borehole  terminated  owing to slow  progress 
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Grading 

C 

a& b 

b& c 

a-c 

NT 26 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel  Fines  Sand  Gravel 

from to -& +!e% +%-1 +1-4 +4-16  +16-64  +64 mm 
--- --~---- 

3  67 30  0.2- 1.0 2  6 19  14 27  32 0 
1.0- 2.0 3  32 55 3 3 4 0 

Me an 3 20 39 8 14 16  0 

11 8 9  0 2.0-  3.0 11 60 27 1 1 0 0 
3.0- 4.0 10 69  18 2 1 0 0 
4.0- 5.0  17  69  13 1 0 0 0 
5.0-  6.0  7 8 8 4  1 0 0 0 
6.0-  7.0 10 7 4  16 0 0 0 0 

Mean 11 56  32 1 ** 0 0 

29 7 1  0 7.0- 8.0 22  73  5 0 0 0 0 
8.0- 9.0 27 69 4 0 0 0 o s  
9.0-10.0 27 69  4 0 0 0 0 5  

10.0-11.0 31 66 3 0 0 0 o s  
11.0-12.5 36  62 2 0 0 0 0 5  
Mean 29  67 4 ** ** 0 0 

9 83 8 Mean 9 47 33 3 4  4 0 

20   80  0 Mean 20  62 17  1 ** 0 0 

18 78  4 Mean 18 56 20 2 2 2 0 

SE 159 

Surface  level +155.3m 
(+509.5ft) 
Groundwater  level +152.8m 
250mm  percussion 
August 1982 

LOG 

Geological  classification 

Fluvioglacial  sand  and  gravel 

Ti 11 

Carboniferous  (Passage  Group) 

2514 6194 Auchendinny,  Glencorse 

Lithology 

Block C 

Overburden 0.3m 
Mineral 6.3m 
Waste 1 . 3 m  
Bedrock 1.0nt-t- 

Thickness  Depth 
m  m 

Soil,  sandy,  light  brown 0.3 0.3 

Sandy  gravel 6.3  6.6 
Gravel:  fine  and  coarse  with,  some  cobbles, 
subangular to rounded;  white  and  red 
sandstones,  andesite,  basalt,  felsite  and 
greywacke  with  dolerite  and  vein-quartz 
Sand:  coarse  and  medium  with  fine,  angular  to 
subrounded;  quartz  with  rock  fragments 
Fines:  silt  with  clay,  disseminated,  dark 
reddish  brown (10 R 3/4)  to moderate  brown 
(5  YR 3/4)  

Clay,  stony,  sandy,  firm to stiff,  moderate  reddish 
orange (10 R 5 /6 )  

Seatrock  with  siltstone  and  mudstone,  finely  bedded, 
micaceous,  greyish  orange (10 YR 7/4)  to light  grey 
(N 7 ) ,  joints  infilled  with  clay 

Sandstone,  medium  to  coarse  grained,  poorly  cemented 
and  porous,  mottled  greyish  orange (10 YR 7 / 4 ) ,  
containing  some  soft  white  mudstone  pebbles 

1.3  7.9 

0.8 8.7 

0.2+ 8.9 
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Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel  Fines  Sand  Grave 1 

from to 4 4-% +%-1 +1-4  +4-16  +16-64  +64 IIMI 

--- ------- 
8 47 45 0.3- 1.0 1 4  11 1 2   1 4  1 9  30 0 

1.0- 2.0 9 10 13 17 2 1  22  8 
2.0-  3.0  8  7 12  18  22  33 0 
3.0- 4.0 5 8   23   18   20   15  11 
4.0-  5.0  7  7 17 25  33 11 O §  
5.0- 5.7 6 6  28 30 23  7 O §  
5.7-  6.6 5 9 26  26  25 9 0 

Mean 8  8   18   21   24   18  3 

NT 26 SE 160 

Surface  level +164m 

Water  struck  at  +161m 
2 50mm percussion 
August 1982 

(+538 f t) 

LOG 

Geological  classification 

Till 

2606  6392 Moat,  Lasswade 

Lithology 

Block GI 

Waste 10.6m-t 

Thickness  Depth 
m m 

Soil 0.4  0.4 

Clay,  stony,  silty,  soft,  mottled  dark  yellowish 
brown (10 YR 3 / 3 ) ,  containing  erratics of sandstone 
with  andesite,  coal  and  vein-quartz 

Clay,  stony,  very  stiff,  dusky  yellowish  brown 
(10 YR 3 / 2 ) ,  containing  angular to subrounded 
erratics of yellowish  white,  brown  and  red 
sandstones,  greywacke,  coal,  shale,  andesite,  felsite 
and  vein-quartz 

1.6 2.0 

8.6+ 10 .6  
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NT 26 SE 161 

Surf  ace  level 
(+543f t) 
Water  seepage 
250 and  200mm 
August 1982 

LOG 

+166m 

below  +152m 
percussion 

Geological  classification 

Till 

Fluvioglacial  sand  and  gravel 

Glaciolacustrine  deposits 

2647  6286 Roslin, Lasswade 

Lithology 

Made  ground 

Clay,  stony,  sandy,  firm,  mottled,  moderate  brown 
(5 YR 4/4), with  some  pale  grey  leached  patches, 
containing  erratics of quartzite,  sandstone  and  coal 

a  Pebbly  sand 
Gravel: fine with a  little  coarse,  subangular to 
rounded,  andesite,  greywacke,  sandstone, 
quartzite  and  vein-quartz  with  rare  rhyolite, 
felsite  and  chert 

subrounded,  quartz  and  rock  fragments 
Sand:  medium  and  fine  with  a  little  coarse, 

Fines:  silt,  micaceous,  brown 

b 'Clayey'  sand 
Gravel:  traces  of  fine  and  coarse,  angular  to 
subrounded,  coal  with  compositions as named 
above 

rock  and  coal  fragments 

to  8.0m,  brown 

Sand: fine with  medium  and  rare  coarse,  quartz, 

Fines:  silt,  disseminated  and  in  seams  from 7.0 

c 'Very  clayey' sand,  containing  a  laminated  clayey, 
sandy  silt  seam  frcm 18.5  to  19.0m 
Sand:  fine  with  a  little  medium  and  trace  of 
coarse,  subrounded,  quartz,  coal  and  rock 
fragments 

micaceous,  brownish  grey 
Fines:  silt,  disseminated  and  in  seams, 

Silt,  laminated,  containing  seams of sand  and some 
coal  debris,  micaceous,  brownish  grey 

Block B 

Overburden 2.0m 
Mineral 
(including 
0.5m  of 
waste)  19.0m 
Waste 4. O m t  

Thickness  Depth 
m m 

0.3 0 . 3  

1.7 2.0 

5.0 7.0 

6 . 0  13.0 

8.0 21.0 

4.0+ 25.0 
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Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) 

F i n e s  Sand  Gravel 

f r o m   t o  
--- 

a 5 90  5 2.0- 3.0 
3.0- 4.0 
4.0-  5.0 
5.0-  6.0 
6.0- 7.0 

Mean 

p e r c e n t a g e s  

F i n e s  Sand Grave 1 

*6-k +%-1 +1-4 

24  60  3 
30 55  6 
25  55  10 
33 55  3 
48 45 2 
32   53  5 

+4-16  +16-64 +64 mm 

5 0 0 
4 1 0 
5 1 0 
3 1 0 
1 0 0 
4 1 0 

b 1 0   9 0  0 7.0- 8.0 10 47 4 1  2 0 0 0 
8.0- 9.0 7  59  33 1 0 0 0 
9.0-10.0 8 64 27 0 0 1 0 

10.0-11.0  4  55  38 3 0 0 0 
11.0-12.0  21  53  22 3 1 0 0 
12.0-13.0 11 62 24  2 1 0 0 
Mean 10 57 31  2 ** ** 0 

C 22  78 0 13.0-14.0 
14.0-15.0 
15.0-16.0 
16.0-17.0 
17.0-18.5 
19.0-20.0 
20.0-21.0 
Mean 

26 
16  
39 
20 
15  
16  
25 
22 

65  
78 

71  
79 
77 
72 
72 

58 

1 
0 
0 
0 
0 
1 
0 ** 

adb  8 90 2 Mean 8 46  41  3  2 ** 0 

a-c  14 8 5  1 Mean 14  56 '2 7  2 1 ** 0 

LO2 



NT 26 SE 162 

S u r f a c e   l e v e l  +153.0m 
(+502.0f t )  
Wate r   s t ruck  a t  +137.8m 
250 and 200mm p e r c u s s i o n  
August  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

2687  6225 Rosslyn Lee, Lasswade Block C 

Overburden 9.3m 
Mineral  14.4mt 

Li thology  Thickness   Depth  
m m 

S o i l ,   s a n d y   l o a m ,   l i g h t  brown 0.3 0.3 

a Gravel  5.1  5.4 
G r a v e l :   c o a r s e   a n d   f i n e   w i t h  some c o b b l e s ,  

s u b a n g u l a r   t o  well rounded,   red   and   whi te  
s a n d s t o n e s ,   g r e y w a c k e ,   d o l e r i t e ,   a n d e s i t e ,  
b a s a l t ,   c o a l ,   f e l s i t e ,   v e i n - q u a r t z ,   c h e r t   a n d  
rare q u a r t z i t e  

sub rounded ,   qua r t z   w i th   rock   f r agmen t s   and   coa l  

some seams, moderate  brown  (5 YR 3 / 4 )  

Sand: medium a n d   c o a r s e   w i t h   f i n e ,   a n g u l a r   t o  

F i n e s :  s i l t  w i t h  some c l a y ,   d i s s e m i n a t e d   w i t h  

b Sandy   g rave l  
G r a v e l :   c o a r s e   a n d   f i n e   w i t h  some c o b b l e s ,  as 

Sand:  medium w i t h   c o a r s e   a n d   f i n e ,  as  a b o v e   i n  

F i n e s :  s i l t  w i t h  some c l a y ,   d i s s e m i n a t e d  

above   i n   shape   and   compos i t ion  

shape   and   composi t ion  

c Gravel  
G r a v e l :   c o a r s e   a n d   f i n e   w i t h  some c o b b l e s ,  as 

Sand:   coarse ,  medium a n d   f i n e ,  as a b o v e   i n   s h a p e  

F i n e s :  s i l t  w i t h  some c l a y ,   d i s s e m i n a t e d  

above   i n   shape   and   compos i t ion  

and  composi t ion 

B o r e h o l e   t e r m i n a t e d   o w i n g   t o   o b s t r u c t i o n  

2.9 8.3 

7.4+ 15.7 

Grading  

a 

b 

C 

abc 

a-c 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F ines   Sand  Gravel   F ines   Sand  Gravel  

f r o m   t o  4 +kc% +%-1 +1-4 +4-16  +16-64  +64 mm 
--- ------- 

6 43  51  0.3- 1.3 6  7 13  20  30 24 0 
1.3- 2.3 6  9 1 2   1 6  29 28 0 
2.3- 3.3 8 6 25  17  19  25 0 
3.3-  4.3 6 8 20 1 4  20  32 0 
4.3-  5.4 4 8 21  16  23 28 0 

Mean 6 8 18 17  24  27 0 

8 66  26  5.4-  6.3 7  7 34   17   14   13  8 
6.3-  7.4 8 1 3  52 11 5 11 0 
7.4- 8.3 8 11 37 13 1 5   1 6  0 

Mean 8 11 42 13 11 1 3  2 

6 37  57 8.3- 9.5 6  5 11 18 23  37 0 
9.5-10.5 6  7 12   17  21   33  4 

10.5-11.5 8 8 1 5  18 23  24 4 
11.5-12.5 6 9 14   19  22  21 9 
12.5-13.5 8 7 13 18 25  20 9 
13.5-14.5 5  9 9 1 0  20  42 5 
14.5-15.7 6 1 6  1 5  6 1 6  32  9 
Mean 6  9 13 1 5  2 1   3 0  6 

6 39 55 Mean 6 8 1 5   1 6  22  30 3 

7 44 49 Me a n  7 9 2 0   1 5  2 0  26 3 



NT 26 SE 163 

S u r f a c e   l e v e l  +162.2m 
(+532 .2 f t )  
Water s t r u c k  a t  +154.7m 
250  and 200mm p e r c u s s i o n  
August  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

T i l l  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

T i  11 

Carbon i fe rous   (L imes tone   Coa l  
Group) 

Grading 

Mean f o r   D e p o s i t  
p e r c e n t a g e s  

2701. 6445 Langhill Farm, Lasswade 

L i t h o l o g y  

S o i l ,   p e b b l y ,  brown 

C l a y ,   s t o n y ,   s a n d y   a n d   s i l t y   i n   p a r t s ,   w e a t h e r e d   t o  
0.4m, f i rm   becoming   ha rd ,   g rey i sh  brown ( 5  YR 3 / 2 )   t o  
moderate  brown (5 YR 3 / 4 )   b u t   l e a c h e d   i n   u p p e r   p a r t s ,  
c o n t a i n i n g  erratics o f   f r e sh   and   wea the red   basa l t ,  
r o t t e d   r e d ,   g r e e n   a n d   b l a c k  muddy s a n d s t o n e s ,  some 
andes i te ,   sha le   and   coa l - .   Be low 2.5m clay  becomes 
dusky  brown  (5 YR 2 /2 )   t o   modera t e  brown (5  YR 3 / 4 ) ,  
less p e b b l y ,   h a r d e r   a n d   c o n t a i n s  some s a n d y   p a r t i n g s  

S i l t ,   s andy ,   micaceous ,   modera t e   ye l lowish  brown 
(10 YR 5 / 4 )  

' Clayey '   sand 
Gravel :  traces o f   f i n e   a n d   c o a r s e ,   a n g u l a r   t o  

rounded ,   sands tone   wi th   andes i te ,   g reywacke ,  
s h a l e ,   d o l e r i t e ,   l i m e s t o n e   a n d   p o r p h y r y  

subrounded ,   qua r t z   w i th  some rock   f ragments   and  
c o a l   d e b r i s ,   f a i n t l y   b e d d e d   b e t w e e n  4.8 and 
6. Om 

F i n e s :  s i l t ,  d i s semina ted ,   modera t e   ye l lowish  
brown (10 YR 5/4) ,   becoming  greyish  below LO. 5m 

Sand: f i n e   w i t h  medium and rare c o a r s e ,  

C l a y ,   s t o n y ,   s a n d y ,   f i r m   t o   h a r d ,   b r o w n i s h   g r e y  
(5 YR 4 / 1 )   t o   d u s k y  brown (5 YR 2 / 2 ) ,   c o n t a i n i n g  
small, a n g u l a r  errat ics  o f   che r t ,   s ands tones   and  
mixed  igneous  rocks  together   with  rounded  pebbles   and 
b o u l d e r s   o f   a n d e s i t e ,   f r e s h   a n d   w e a t h e r e d   b a s a l t s ,  
g reywacke ,   cher t   and   porphyry  

Muds tone   and   s ea t rock ,   b l ack   t o  medium g r e y ,   h a r d   i n  
p a r t s   w i t h  

Depth  below 
s u r f a c e  (m) 

Fines   Sand  Gravel  

f r o m   t o  
- - ~  
10  90 0 5.8- 6.5 

6.8-  7.8 
7.8-  8.8 
8.8-  9.8 
9.8-10.8 

10.8-11.8 
Mean 

traces o f   c o a l  

p e r c e n t a g e s  

Block B 

Overburden 5.8m 
Mine ra l  6. Om 
Waste 9.2m 
Bedrock 0.8m-t 

Thickness   Depth  
m m 

0.2 

3.6 

2 .o 

6.0 

0.2 

3.8 

5.8 

11.8 

9.2  21.0 

0.8+ 21.8 

F i n e s  Sand Grave l  

4 &e,-% +%-1 +1-4  +4-16  +16-64  +64 w 
---~--- 
11 60 27 1 1 0 0 
8 78  14 0 0 0 0 8  
6 55 39 0 0 0 0 8  
6 51 43 0 0 0 0 8  
8 58 34 0 0 0 0 8  

20 58 17 2 2 1 o s  
10 60 29 1 ** ** 0 
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NT 26 SE 164 2792 6436 Dryden Mains, Lasswade Block B 

Surface  level  +143m 
(+469f t) 
Groundwater  level  at  +124m 
250 and  200mm  percussion 
August  1982 

LOG 

Geological  classification  Lithology 

Overburden 2.0m 
Mineral 1.4m 
Waste 6. lm 
Mineral 15.5m-l- 

Thickness  Depth 
m  m 

Till 

Soil,  clayey,  brown 0.2  0.2 

Clay,  stony,  sandy,  silty,  firm,  mottled,  orangey 
reddish  brown,  becoming  more  sandy  with  depth  and 
containing  angular to  rounded  erratics  of  red  and 
yellow  sandstones,  coal,  shale,  felsite,  andesite, 
vein-quartz,  greywacke  and  dolerite 1.8 2.0 

Fluvioglacial  sand  and  gravel  a  'Very  clayey'  pebbly  sand 1.4  3.4 
Gravel: fine  with  coarse,  angular to subangular, 
sandstone  with  shale,  andesite,  porphyry  and 
felsite  and  rare  greywacke,  vein-quartz  and 
psammi  te 

subrounded,  quartz  with  some  rock  fragments 

seams,  moderate  brown (5 YR 4/4) 

Sand: fine with  medium  and a  little  coarse, 

Fines:  silt  with  clay,  disseminated  and  in 

Glaciolacustrine  deposits Silt,  clayey,  sandy,  laminated in part, firm, 
micaceous,  greyish  brown to moderate  brown (5 YR 3/4) 
with  seams  of  reddish  brown  clay  to 4.4m. Containing 
rare  pebbles  of  sandstone  and  coal 6.1 9.5 

b 'Very  clayey'  sand 
Gravel:  trace  of  fine 
Sand: fine  with  some  medium  and  trace  of  fine, 

Fines:  silt  with  clay,  disseminated  and  in 
subrounded,  quartz  with  coal  fragments 

seams,  moderate  brown (5 YR 3/4) 

Fluvioglacial  sand  and  gravel  c  'Clayey'  sandy  gravel 
Gravel:  coarse  and  fine  with  some  cobbles, 
angular to well  rounded,  greywacke,  felsite, 
andesite,  porphyry,  basalt,  red,  yellow  and 
grey  sandstones  with  vein-quartz,  chert  and 
limestone 

quartz  and  rock  fragments 

yellowish  brown  (10 YR 3/2) 

Sand: fine  with  medium  and  some  coarse,  angular, 

Fines:  silt  and  clay,  disseminated,  dusky 

Glaciolacustrine  deposits 

2.3 11.8 

3.2  15.0 

d 'Clayey'  sand 10.0+ 25.0 
Gravel:  trace  of  fine,  angular  to  rounded, 
greywacke,  andesite,  shale,  felsite,  sandstone, 
dolerite  and  tuff 

coarse,  subrounded,  quartz  with  rock  fragments 

laminated  seams  below 21.0m, moderate  brown  to 
greyish  brown 

Sand:  fine  with  some  medium  and  trace  of 

Fines:  silt  and  clay,  disseminated  and as 
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Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F ines   Sand   Grave l   F ines  Sand Grave l  

f r o m   t o  -k, +kc% +%-1 +1-4 +4-16  +16-64  +64 mm 

a 40  56 4  2.0- 3.4 40  33 l a  5 3 1 0 

b 23  77 0 9.5-11.8 23 62 15 ** ** 0 0 

C 11 63 26 11.8-12.8 16 42 34 4 3 1 0 
12.8-13.8 5 11 15  12  25 32 0 
13.8-15.0 13 48 1 5  6 9  9 0 
Mean 11 35 21 7 1 2   1 4  0 

d 15 85 0 15.0-16.0 
16.0-17.0 
17.0-18.1 
18.1-19.1 
19.1-21.0 
21.0-23.6 
23.6-25.0 
Mean 

16 
11 
13 
9 

11 
20 
22 
1 5  

70 
77 
55 
52 
74 
72 
7 5  
70 

10 
12 
32 
39 
1 5  

3 
1 5  

a 

3 
0 
0 
0 
0 
0 
0 ** 

1 
0 
0 
0 
0 
0 
0 ** 

0 
0 
0 
0 
o §  
05 
O §  
0 

a&c 20  61  19 Mean 20 34 20 7 9 10 0 

b&d 17 8 3  0 Mean 17 68 1 5  ** ** 0 0 

b-d 16 78 6 Mean 16  60  16 2 3 3 0 

a-d 18 76 6 Mean 18 58 16 2  3  3 0 
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NT 26 SE 165 

S u r f a c e   l e v e l  +153m 
(+501f t )  
Wate r   s t ruck  a t  +142m 
250 and 200mm p e r c u s s i o n  
August 1982 

LOG 

2751 6325 

G e o l o g i c a l   c l a s s i f i c a t i o n   T A t h o l o g y  

Rosslyn Chapel, Tasswade Block B 

Overburden 0.4m 
Mine ra l  5.4m 
Waste 0.4m 
Mineral  la. 1m-t 

Thickness   Depth 
m m 

S o i l ,   g r a v e l l y   0 . 4   0 . 4  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  a Gravel  5.4 5.8 
G r a v e l :   c o a r s e   a n d   f i n e   w i t h   c o b b l e s ,   s u b a n g u l a r  

t o  well rounded,   mainly  durable ,   yel low  and 
g r e y   s a n d s t o n e s ,   f e l s i t e ,   p o r p h y r y ,   b a s a l t ,  
w i th  rare d o l e r i t e ,   g r e y w a c k e ,   a n d e s i t e ,  
v e i n - q u a r t z ,   c h e r t ,   t u f f   a n d   ' H i g h l a n d '   r o c k s  

Sand:   coarse   and medium w i t h   f i n e ,   ' s h a r p ' ,   r o c k  
f r a g m e n t s   w i t h   q u a r t z   a n d   c o a l  

F i n e s :   c l a y   w i t h  s i l t ,  commonly c o a t i n g   p e b b l e s ,  
and as lOcm seam a t  1.4m 

T i l l  C l a y ,   s i l t y   w i t h  some c o a r s e   s a n d   a n d   f i n e   g r a v e l ,  
f i r m   t o   s t i f f ,   m o d e r a t e  brown (5 YR 4 / 4 ) ,  trace of 
c r u d e   l a m i n a t i o n  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  b 'C layey '   pebb ly   s and  
G r a v e l :   f i n e   a n d   c o a r s e   w i t h  rare c o b b l e s ,  

s u b r o u n d e d   t o  well rounded,  components as i n  
g rave l   above  

Sand: medium a n d   f i n e   w i t h   c o a r s e ,   ' s h a r p '   t h e n  
' s o f t ' ,   q u a r t z   w i t h   r o c k   f r a g m e n t s  

F i n e s :  s i l t  wi th   l aminae  of c lay ,   main ly   be tween 
7.2 and 9.7m, moderate  brown (5 YR 4 / 4 )   t o   b u f f  

0.4 6.2 

4.5 10.7 

c Sand 10.3 21.0 
G r a v e l :   f i n e   a n d   c o a r s e ,   a n g u l a r   t o   s u b r o u n d e d ,  

s a n d s t o n e ,   a n d e s i t e ,   f e l s i t e ,   c a r b o n a c e o u s  
s h a l e ,   c o a l ,   v e i n - q u a r t z   a n d   d o l e r i t e  

Sand: f i n e  and medium w i t h  rare c o a r s e ,  commonly 
' s o f t ' ,   q u a r t z   w i t h   r o c k   a n d   c o a l   f r a g m e n t s  

F ines :   d i s semina ted  s i l t ,  dark  grey-brown t o  
p a l e  brown 

G l a c i o l a c u s t r i n e   d e p o s i t s  d 'Very  c layey '   sand 4.3+ 2 5 . 3  
Gravel :  trace o f   f i n e   a n d   c o a r s e ,   s u b a n g u l a r   t o  

Sand: f i n e   w i t h  medium and trace of c o a r s e ,  

F i n e s :  s i l t  w i t h   c l a y ,   d i s s e m i n a t e d   a n d   i n  

subrounded,   sands tone ,   andes i te   and   ve in-quar tz  

' s o f t ' ,   q u a r t z   w i t h   r o c k   a n d   c o a l   f r a g m e n t s  

seams, moderate  brown 
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Grading  

Mean f o r   D e p o s i t  
p e r c e n t a g e s  

Depth  below 
s u r f a c e  (m) p e r c e n t a g e s  

a 

b 

C 

d 

a & b  

c &d 

a-c 

a-d 

F i n e s  Sand  Gravel 

f rom  to  
--- 

7  36 57 

10 76   14  

6  92  2 

2 9   7 1  0 

8  55  37 

1 3   8 5   2  

7   7 4  19  

11 73   16  

0.4-  1.4 
1.4-  2.5 
2.5-  3.5 
3.5-  4.5 
4.5-  5.8 

Mean 

6.2-  7.2 
7.2-  8.2 
8 .2 -  9.7 
9.7-10.7 

Me an 

10.7-12.0 
12.0-13.0 
13.0-14.0 
14.0-15.0 
15.0-16.0 
16.0-17.0 
17.0-18.0 
18 .0-19 .0  
19.0-20.0 
20.0-21.0 
Mean 

21.0-22.0 
22.0-25.3 
Mean 

Mean 

Me an 

Me an 

Mean 

F i n e s  Sand  Gravel 

4 +kc% +%-I +1-4 +4-16  +16-64  +64 mm 

6 6 19 1 4  20 27 8 
7  6 1 2   1 3  17 3 3   1 2  
7  6 11 1 4  20  36 6 
6  5 1 5  1 4  28  32 0 
8  5 19  17 32 19 0 
7 ti 1 5  1 5  24  28 5 

4 11 48 1 4   1 5   8  0 
16   35  32  5  6  6 0 
1 4   4 2   4 2  1 1 0 0 

6  29  34  7  12  12 0 
10 31  39  6   8  6 0 

11 
5 
4 
6 
6 
3 
7 
8 
4 
3 
6 

54 
31  
45 
37 
34  
43 
7 4  
77 
66 
52 
50 

3 1  
64 
49 
54 
51 
49 
19  
15  
30  
34 
4 0  

2 
0 
1 
1 
4 
2 
0 
0 
0 
5 
2 

1 
0 
1 
1 
1 
2 
0 
0 
0 
4 
1 

1 
0 
0 
1 
4 
1 
0 
0 
0 
2 
1 

23  59 1 4   2  1 1 O §  
31  65 4 0 0 0 o s  
29  65 6 ** ** ** 0 

8 17 27 11 1 6  18 3 

1 3  54 30 1 1 1 0 

7  35  33  6  9  9 1 

11 40  28 5 7  8 1 
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NT 26 SE 166 2793 6170 Gourlaw Cottages, Lasswade Block G3 

Surface  level  +177m 
(+58 Of t) 
Water  struck  at  +169m 
250mm  percussion 
August  1982 

Waste 12.0m 
Bedrock 0.3m-l- 

LOG 

Geological  classification  Lithology Thickness  Depth 
m m 

Made  ground,  soil and  fill 0.3  0.3 

Till Clay,  sandy,  gravelly,  stiff,  mottled  grey-orange 
brown. Below 3.0m more  sandy,  firm,  with  crude 
laminations  and  predominantly  dark  yellowish  brown 
(10 YR 4 / 2 ) .  Clasts  are mainly  of  Carboniferous 
sediments 4 . 4  4.7 

Clay,  stony,  very  stiff,  moderate  brown,  with 
subangular to  subrounded  clasts of sandstone, 
greywacke,  andesitic lava  and  coal 7.3 1 2 . 0  

Carboniferous (Lower  Coal Siltstone,  micaceous,  very  soft,  with  numerous 
Measures) carbonaceous  films  and  some  rootlet  casts,  pale  grey 0.3+  12.3 

NT 26 SE 167 2790  6093 Shiel ls  S t r i p ,  Lasswade Block G3 

Waste 15.  lm 
Bedrock 0.6m-t 

Surface  level  +194m 

Water  not  struck 
250 and  200mm  percussion 
August  1982 

(+637f t) 

LOG 

Geological  classification  Lithology Thickness  Depth 
m m 

Made  ground,  blaes 0.2  0.2 

Ti 11 Clay,  very  silty,  sandy,  firm,  clasts  mainly  of  fine 
gravel  size,  mottled  orange-brown  and  medium  grey, 
becoming  grey-brown  with  depth 0.8 1.0 

Gleyed  till,  quite  soft,  with  tree  roots 0.5 1.5 

Clay,  stony,  silty,  sandy, very  stiff,  olive  grey 
(5  Y 4 / 2 ) ,  with  angular t o  well  rounded  clasts of 
greywacke,  sandstone,  dolerite,  impure  limestone and 
shale 5.5  7.0 

Clay, stony,  silty,  very  stiff,  moderate  brown 
(5 YR 3/4); clasts  mainly  of  red  and  cream  sandstones 
with  andesite,  shale,  coal and some  quartzitic 
sandstone 2.0 9.0 

Clay,  sandy,  pebbly, firm, dark  yellowish  brown 
(10 YR 4/3); clasts mainly of cream,  orange  and  red 
sandstones  with  basalt,  andesite,  dolerite,  ironstone 
and  carbonaceous  shale 6.1  15.1 

Carboniferous  (?Lower  Coal  Sandstone,  silty,  fine  grained,  thinly  bedded, 
Measures) micaceous, with  clayey  silty  seams,  mottled  moderate 

yellowish  brown  (10 YR 5/4) 0.6+  15.7 
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NT 26 SE 168 

Surface  level  +150m 
(+494f  t) 
Water  struck  at +147m 
250mm percussion 
August 1982 

LOG 

2830 6306 

Geological  classification  Lithology 

Gorton House, Lasswade Block C 

Overburden 0.4m 
Mineral 5.4m 
Waste h.2m 
Bedrock 0 . 4 d  

Thickness  Depth 
m  m 

Soil,  gravelly 0.4  0.4 

Fluvioglacial  sand  and  gravel  Gravel 5.4  5.8 
Gravel: fine and  coarse  with  cobbles,  angular to 
well  rounded,  red,  grey  and  white  sandstones, 
felsite,  porphyry,  dolerite,  basalt,  greywacke, 
vein-quartz  and  rare  psammite,  ironstone  and 
chert 
Sand:  medium,  coarse  and  fine,  quartz  and  rock 
fragments 

Fines:  disseminated  silt  and  clay,  orange-brown 
to moderate  brown 

Glaciolacustrine  deposits 

Ti 11 

Silt  and  clay  with  fine  sand,  generally  laminated, 
dark  yellowish  brown (10 YR 4 / 2 )  to  dusky yellowish 
brown (10 YR 2 / 2 )  

Clay,  stony,  sandy,  silty,  very  stiff,  dark to  dusky 
yellowish  brown (10 YR 3 / 2 ) ,  with  clasts of sandstone 
and  shale  with  greywacke,  tuff,  andesite  and 
felsite. Below 11.5m deposit is moderate  brown 
( 5  YR 4 / 4 )  and  more  sandy 

Carboniferous  (Lower  Coal  Sandstone,  medium to coarse  grained,  finely 
Measures)  cross-bedded,  slightly  feldspathic,  pale  grey  to 

white  with  rusty  speckling 

1.2 7.0 

5.0  12.0 

0.4+  12.4 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m)  percentages 

Fines  Sand  Gravel  Fines  Sand  Gravel 

from to -% +%-1 +1-4 +4-16 t16-64  +64 mm 

6  36 58 0.4-  1.4 6 9 15 10 38  22 0 
1.4-  2.4  7  8 11 6 2 3   4 0  5 
2.4-  3.4 7 8  25  13  22 19 6 
3.4-  4.4  5  6  23 1 5  36 1 5  0 s  
4.4-  5.8 6 8 1 3  11 26 27 9 §  

Mean 6 8 17 11 29 25 4 



NT 26 SE 169  2908 6400 Midfield House, Lasswade Block C 

S u r f a c e   l e v e l  +144m 

W a t e r   s t r u c k  a t  +136m 
250  and 200mm p e r c u s s i o n  
August  1982 

(+473f t )  

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

T i l l  

G l a c i o l a c u s t r i n e   d e p o s i t s  

T i l l  

Carboni ferous   (Passage   Group)  

Grading 

Overburden 0.9m 
Mineral  2 .  l m  
Waste  10.lm 
Bedrock 0. l m f  

Li tho logy   Th ickness   Dep th  
m m 

Made ground,   road  material and f i l l  0.9  0.9 

Sandy  grave l  2.1  3.0 
G r a v e l :   f i n e   a n d   c o a r s e   w i t h  rare c o b b l e s ,  

ma in ly   subangu la r   t o   rounded ,   wh i t e ,   g rey   and  
r e d   s a n d s t o n e s ,   b a s a l t ,   f e l s i t e ,   p o r p h y r y ,   l a v a  
and  greywacke 

' s h a r p ' ,   q u a r t z   a n d   r o c k   f r a g m e n t s  

brown 

Sand: medium w i t h   c o a r s e   a n d   f i n e ,   q u i t e  

F i n e s :   d i s s e m i n a t e d  s i l t  a n d   c l a y ,   y e l l o w i s h  

C lay ,   ve ry   s i l t y ,   s andy ,   g rave l ly   becoming   pebb ly   by  
3.5m, f i r m   t o   s t i f f   b u t  becoming s o f t e r  downwards, 
d a r k   y e l l o w i s h  brown (10 YR 4/4),   becoming  moderate 
y e l l o w i s h  brown  (10 YR 5 / 4 )   a n d   f i n a l l y   d u s k y  
y e l l o w i s h  brown  (10 YR 3/2) .  Clasts c h i e f l y   c r e a m  
a n d   g r e y   s a n d s t o n e s ,   f e l s i t e ,   a n d e s i t e   a n d   s h a l e .  
G r a d a t i o n a l   t r a n s i t i o n   f r o m   u n d e r l y i n g   d e p o s i t  

S i l t ,   c l a y ,   a n d   f i n e   s a n d ,   i n t e r l a m i n a t e d ,   c o a l  
f r agmen t s ,   dusky   ye l lowish  brown (10  YR 3/2)  

C l a y ,   s i l t y ,   s t o n y ,   v e r y   s t i f f   a n d   d e n s e ,   g r e y i s h  
brown ( 5  YR 3 / 2 ) ,   w i t h   c l a s t s   o f   g r e y w a c k e ,  s h a l e ,  
s a n d s t o n e   a n d   b a s a l t  1.5 13.1 

Sands tone ,  medium g r a i n e d ,   v e r y   h a r d ,   q u a r t z o s e ;   b u f f  
t o   p a l e   b e i g e  0.1+ 13.2 

4.7 7.7 

3.9  11.6 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F ines   Sand   Grave l   F ines  Sand Grave l  

f r o m   t o  4 *rir; +%-1 +1-4 +4-16  +16-64  +64 mm 

8 52 40 0.9- 1.9 6 7 29  14 22 22 0 
1.9-  3.0 1 0  8 28 1 7  19 18 0 

Mean 8 8 28 1 6  20  20 0 
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NT 26 SE 170 2934 6276 Parkneuk,  Lasswade Block C 

Surface  level +147m 
(+483f  t) 
Water  not  struck 
250 and  200mm  percussion 
August 1982 

LOG 

Geological  classification  Lithology 

Overburden 0.3m 
Mineral 3.8m 
Waste 8.6m 
Bedrock l.lm+ 

Thickness  Depth 
m m 

Soil 0.3  0 .3  

Fluvioglacial sand  and gravel  Sandy  gravel,  with  pebbly  sand  from 2.3 to 3.4m 3.8  4.1 
Gravel:  coarse  and  fine  with  some  cobbles, 
subangular  to rounded,  yellow,  brown,  white  and 
red  sandstones,  andesite,  felsite,  dolerite, 
shale,  coal, vein-quartz  and  conglomerate 
Sand:  medium  with  fine  and  coarse,  subangular to 
subrounded,  quartz  with  rock  fragments  and  coal 
Fines:  disseminated  silt,  mainly  moderate  brown 

( 5  YR 3 / 4 )  

Till 

Carboniferous  (Lower  Coal 
Measures) 

Clay,  stony,  with  rare  irregular  sandy  laminae,  stiff, 
moderate  brown ( 5  YR 3 / 4 ) ,  then  dusky yellowish  brown 
( 1 0  YR 2 / 2 ) ,  then  dark  yellowish  grey ( 1 0  YR 4 / 2 ) ;  
with  elasts o f  yellow,  brown,  white  and red 
sandstones,  shale,  coal,  andesite,  felsite,  greywacke 
and  vein-quartz 

Coal,  bright  and  dull  banded,  with  siltstone 

Siltstone,  micaceous,  carbonaceous, thinly  bedded, 
with coaly streaks and  rare fossi l  plant stems, 
brownish  black (5  YR 2 / 1 )  

8.6  12.7 

0.5  13.2 

0.6+ 13.8 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel Fines Sand  Gravel 

from to 4 44-k +%-1 +1-4  +4-16  +16-64  +64 mm 

6 59 35  0.3-  1.3  9  14 37 12  20 8 0 
1.3-  2.3 6 5 18 1 1  27 3 3  0 
2.3-  3.4 5 30 49 9 4  3 0 
3.4-  4.1 7 1 0  18 8 21   36  0 

Mean 6 15 34  10 17 18 0 
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NT 26 SE 171 2952  6162 Thornton, Carrington Block G3 

Waste 6.0ra-t Surface  level +160m 

Groundwater  level +157m 
250mm  percussion 
August  1982 

(+525f t) 

LOG 

Geological  classification  Lithology Thickness  Depth 
m m 

Soil 0.3 0.3 

A1  luv  ium Clay,  silty,  with  scattered  clasts  of  sandstone  and 
coal,  crudely  laminated  with  some  coaly  seams, dark 
yellowish brown (10 YR 4/2) 0.6 0.9 

Clay,  silty,  stony, firm, greyish  brown (5 YR 3/2) ,  
with  angular to  subrounded  clasts  of  red  and cream 
sandstones,  andesite,  felsite, basic lava,  coal, 
siltstone and  greywacke 

Till 

5.1+ 6.0 

Borehole  terminated  owing to rock  obstruction  and 
artesian  groundwater  conditions 

NT 35 NW 285 3045 5894 Redside, Carrington Block E 

Waste 5.4m-t Surface  level  +209m 
(+685f t) 
Water  struck  (perched)  at 
+207m 
250mm  percussion 
July  1982 

LOG 

Geological  classification  Lithology Thickness  Depth 
m m 

Soil,  clayey  loam,  moderate  grey-brown 0.3 0.3 

Clay,  stony,  stiff,  angular to  rounded clasts up  to 
200mm  diameter, mainly  of  greywacke with red  and 
white  sandstones,  vein-quartz,  dolerite,  chert  and 
coal,  mottled  moderate  brown (5 YR 4/4)  to  greyish 
red (5 R 4/2)  to 3.2m, becoming  greyish  brown 
(5 YR 3/2) to dark.reddish brown (10 R 3/4)with  depth 5.1+ 5.4 

Till 

Borehole  terminated  owing to slow  progress 

NT 35 NW 286 Block E 

Waste 1.8m-k 

3076 5818 Shaw Knowe, Temple 

Surface  level  +219m 
(+719ft) 
Water  not  struck 
Pit 
August  1982 

LOG 

Geological  classification  Lithology Thickness  Depth 
m m 

Soil,  clayey,  brownish  grey 0 . 3  0.3 

Till Clay,  sandy,  stony,  firm to stiff,  with  clasts up  to 
boulder  size,  of  red,  greyish  white  and  brown 
sandstones,  greywacke,  limestone,  coal,  shale and 
dolerite;  moderate  brown,  slightly  reddish 
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NT 35 NW 287 

Surface  level +227m 

Water  struck  {perched)  at 
+224m 
2 5Omm percussion 
August 1982 

(+744f t) 

LOG 

3088  5782  Clerkinton Church, Temple 

Geological  classification  Lithology 

Block E 

Overburden 0.8m 
Mineral 2.3m 
Waste 5.Omt 

Thickness  Depth 
m m 

Soil, light  sandy  silty  loam 0.8 0.8 

Fluvioglacial  sand  and  gravel  'Very  clayey'  pebbly  sand 2.3 
Gravel:  coarse  and  fine,  rare  from 1.8 to 2.5m, 
subangular to rounded,  mainly  greywacke  and 
sandstone  with  andesite,  porphyry,  vein-quartz, 
limestone,  coal,  ironstone,  chert,  some 
carbonaceous  shale  and  rhyolite 

subangular,  quartz  with  rock,  feldspar  and  coal 
fragments 

Fines:  silt  and  clay,  mainly  in  seams  in  upper 
part, but  disseminated  at  base,  moderate  brown 
( 5  YR 4 / 5 )  becoming  moderate  yellowish  brown 
(10 YR 5/3)  with  depth 

Sand: fine with  medium  and  some  coarse,  mainly 

3.1 

Till Clay,  sandy,  stony, s o f t  to 3.7m with  gravelly  seam 
from 3.6 t o  3.7m, firm to  5.0m  becoming  stiff  and 
overconsolidated;  clasts  include  greywacke, 
sandstone,  limestone,  basalt and coal;  greyish brown 
(5 YR 4 / 2  becoming 5 YR 3 / 2 )  5.0+ 8.1 

Borehole terminated  owing  to  rock  obstruction 

Grading 

Mean  for  Deposit Depth below 
percentages surface (m) percentages 

Fines Sand  Gravel  Fines  Sand  Grave 1 

from to 4 &c% +%-1 +1-4 +4-16  +16-64  +64 UUII 

26 61 13 0.8-  1.8 32  40 10 5 7 6 0 
1.8- 2.5 20 53 25 1 1 0 0 
2.5- 3.1  22  18  24 7 11 18 0 s  

Mean 26 39 18 4 6 7 0 
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NT 35 NW 288 

S u r f a c e   l e v e l  +250.0m 
(+820.2f t )  
Water n o t   s t r u c k  
P i t  
August  1982 

LOG 

3048  5718 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  

Rosebery, Temple Black E 

Waste 1.9m-t 

Thickness   Depth 
m m 

S o i l ,   s a n d y ,   g r e y i s h  brown 0 .4   0 .4  

Fluv iog lac i a l   s and   and   g rave l   Sandy   g rave l  0.4 0.8 
G r a v e l :   c o a r s e   a n d   f i n e ,   s u b r o u n d e d   t o   w e l l  

rounded,   brown,   white   and  red  sandstones,  
g reywacke ,   coa l   and   sha l e  

rock   f r agmen t s  

brown 

Sand: f i n e   t o  medium, s u b r o u n d e d ,   q u a r t z   w i t h  

F i n e s :  some d i s semina ted  s i l t  and   c lay ,   modera te  

T i l l  

NT 35 NW 289 

S u r f a c e   l e v e l  +161m 
(+528f t )  
Water n o t   s t r u c k  
250mm p e r c u s s i o n  
August  1982 

LOG 

C l a y ,   s a n d y ,   s t o n y ,   f i r m  t o  s t i f f ,   r e d d i s h  brown, 
c l a s t s  up t o   b o u l d e r   s i z e ,   i n c l u d e   y e l l o w   a n d   w h i t e  
s ands tones ,   coa l   and   sha l e   w i th   g reywacke  

3188 5993 Carrington Mill, Carrington 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  

1.1+ 1 . 9  

Block E 

Overburden 2.3m 
Mine ra l  3.4m 
Waste 0.7m 
M i n e r a l  1. Om 
Waste 1 .omt 

Thickness   Depth  
m m 

S o i l ,   m o d e r a t e   t o   d a r k   g r e y   l o a m  0.2 0.2 

T i l l  

G l a c i a l   s a n d   a n d   g r a v e l  

T i l l  

C l a y ,   p e b b l y ,   s a n d y ,   s i l t y ,   f i r m   t o  0.7m becoming 
s t i f f ,   w i t h   s u b a n g u l a r   t o  well rounded c las ts  o f  
y e l l o w   s a n d s t o n e ,   c o a l ,   l i m e s t o n e   a n d   v e i n - q u a r t z  
w i t h   r e d   s a n d s t o n e ,   s h a l e ,   d o l e r i t e   a n d   a n d e s i t e ;  
moderate  brown (5 YR 4 / 4 )  to 0.7m, becoming l i g h t   t o  
moderate  brown (5 YR 5 / 6 )  a n d   f i n a l l y   m o t t l e d  
modera t e   r edd i sh  brown (10 R 4 / 6 )  2.1 2.3 

a ' C l a y e y '   g r a v e l  3.4 
G r a v e l :   c o a r s e   a n d   f i n e   w i t h   c o b b l e s ,   s u b a n g u l a r  

t o  well rounded,   g reywacke ,   red   and   whi te  
s a n d s t o n e s ,   c o a l ,   d o l e r i t e ,   f e l s i t e ,   s i l t s t o n e ,  
a n d e s i t e   a n d   l i m e s t o n e  

Sand :   coa r se ,  medium a n d   f i n e ,   a n g u l a r   t o  
s u b a n g u l a r ,   q u a r t z ,   r o c k   a n d   c o a l   f r a g m e n t s  

F i n e s :   d i s s e m i n a t e d  s i l t  a n d   c l a y ,   e s p e c i a l l y  
above 3.3m, moderate  brown (5 YR 4 / 4 )  

C l a y ,   s t o n y ,   f i r m   t o   s t i f f ,   c o n t a i n i n g   a n g u l a r   t o  well 
r o u n d e d   c l a s t s   o f   g r e y w a c k e ,   r e d   a n d   y e l l o w  
s a n d s t o n e s ,   c o a l ,   l i m e s t o n e ,   q u a r t z ,   d o l e r i t e ,  
f e l s i t e  and   andes i t e ;   modera t e  brown (5  YR 4 / 4 ) ,  
l o c a l l y   g r e y i s h  brown (5 YR 3 /2 )  

b 'Ve ry   c l ayey '   s andy   g rave l  
Grave l :   f i ne   and   coa r se   w i th   cobb les ,   angu la r   t o  

Sand: f i n e   w i t h  medium a n d   c o a r s e ,   a n g u l a r   t o  

F ines :   d i s semina ted   c l ay   and  s i l t ,  moderate  

wel l   rounded ,   composi t ion  as above 

subangu la r ,   qua r t z   and   rock   f r agmen t s  

brown (5 YR 3 / 4 )  

5.7 

0.7 6.4 

1 .o 7 . 4  



NT 35 NU 289 cont'd. 

LOG 

Geological  classification T A  thology Thickness  Depth 
m m 

Clay,  stony,  stiff, with  angular  to  rounded  clasts up 
to  cobble  size  and  similar  in  composition  to  the 
deposit  above,  greyish  brown (5 YR 3 / 2 )  1.0+ 8.4 

Borehole  terminated  owing to  rock  obstruction 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel Fines Sand  Grave 1 

from to 4 +kc% +%-I +1-4 +4-16  +16-64  +64 mm 

a 10 28  62  2.3-  3.3 14  7  10 11 23  31  4 
3.3-  4.4  7  8 11 10 23  33  8 
4.4-  5.7  9  7 9 12  27 36 0 

Mean 10 7 10 11 25  33  4 

b 28  42  30  6.4-  7.4  28  23 11 8 1 3  10 7 

a&b 14  31  55 Me an 1 4  11 10 10 22  28 5 

NT 35 NW 290 3144 5907 Braidwood, Temple 

Surface  level +194m 
(+638f  t) 
Water  struck  (perched) at 
+192m 
250 and 200mm percussion 
August 1982 

LOG 
Geological  classification  Lithology 

Block E 

Waste 13.8mt  

Thickness  Depth 
m m 

Soil,  loamy 0.3  0.3 

Till Clay,  sandy,  silty,  stony,  soft to  moderately firm, 
mainly  subangular to  subrounded  clasts  of sandstone, 
basalt,  greywacke,  grit,  limestone  and  coal 

Fluvioglacial  sand  and  gravel 'Clayey'  sandy  gravel 
Gravel: fine with  coarse  and  rare  cobbles, 
subangular  to  subrounded,  mainly greywacke  with 
sandstones,  basalt,  andesite,  chert,  shale, 
felsite,  vein-quartz  and  porphyry 
Sand: fine and  medium  with  coarse,  subangular, 
quartz  with  some  feldspar,  coal  and  rock 
fragments 

Fines:  disseminated  silt  and  clay,  moderate 
brown (5 YR 3 / 4 )  

Till Clay, stony,  stiff,  with  mainly  angular  clasts  of 
crinoidal  limestone  with  greywacke,  quartzite, 
sandstone,  shale and  coal;  brownish  grey ( 5  YR 4 / 1 )  

2.3 2.6 

0.8 3.4 

10.4+  13.8 

Borehole  terminated  owing  to  rock  obstruction 
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NT 35 NW 291 3159 5688 Yorkston, Temple Block E 

Surface  level  +247m 
(+811f t) 
Water  struck  at  +244m 
250mm  percussion 
September  1982 

LOG 

Geological  classification 

Till 

Fluvioglacial  sand  and  gravel 

Till 

Carboniferous  (Limestone  Coal 
Group) 

Lithology 

Waste 9.7m 
Bedrock 1.3m-t 

Thickness  Depth 
m m 

Soil,  sandy  then  clayey  loam,  dark  grey-brown 

Clay,  sandy,  stony,  firm,  containing  angular  to 
subrounded  clasts  of  yellow,  brown  and  red 
sandstones,  shale,  coal,  greywacke  and  quartz; 
mottled  reddish  brown  to  yellow-brown  and  orange 

'Clayey'  sandy gravel 
Gravel: fine  with  coarse,  angular t o  rounded, 
yellow, brown  and  red  sandstones, shale,  coal, 
greywacke  and  vein-quartz with  rare  andesite 
and  ironstone  nodules 
Sand: fine and  medium  with coarse,  subangular, 
quartz  with  rock  fragments 
Fines:  disseminated  silt  and  clay,  moderate 
brown (5 YR 3/4) 

stony,  stiff,  containing  angular to  subrounded 
clasts of  brown,  yellow  and  red  sandstones, 
greywacke,  siltstone,  vein-quartz,  shale,  coal  and 
felsite;  dusky  yellowish  brown 

Sandstone,  medium to coarse  grained,  cross-bedded, 
quite  porous,  friable,  soft at  top. Some grey clay, 
probably  joint  infilling 

0.3  0.3 

2.1 2.4 

0.7 3.1 

6.6 9.7 

1.3+ 11.0 
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NT 35 NU 292 3132 5578 Yorkston,  Temple Block E 

Surface  level +276m 
(+906f  t) 
Water  not  struck 
250 and  200mm  percussion 
August 1982 

LOG 

Geological  classification  Lithology 

Overburden O.3m 
Mineral 1.6m 
Waste 11.9m-k 

Thickness  Depth 
m  m 

Soil,  loam,  sandy 0.3 0.3 

Fluvioglacial  sand  and  gravel  'Very  clayey'  sandy  gravel 1.6 1.9 
Gravel: fine and  coarse  with  cobbles,  mainly 
subangular  to  subrounded,  sandstone  and 
greywacke  with  coal,  felsite,  andesite, 
vein-quartz,  ironstone,  dolerite,  rare 
limestone and  psammite 

Sand: fine  with  medium  and  some  coarse, 
subangular  to  subrounded,  quartz,  rock  and  some 
coal  fragments 

partially  claybound,  light  brown ( 5  YR 5 /6 )  
Fines:  disseminated  silt  and  clay,  deposit 

Till Clay,  stony, very  stiff,  with  small  clasts,  including 
sandstone,  greywacke  and  limestone,  light  brown 
(5 YR 5 / 6 )  to  moderate  reddish  brown ( 1 0  R 4 / 6 ) ,  
becoming  medium  grey (N 5 )  by  5.0m 

Clay,  silty,  stoneless,  stiff, a chaotic  assemblage 
of fragments of finely  laminated  silty  clay  derived 
from  an  earlier  glaciolacustrine  deposit;  dusky 
yellowish  brown (10 YR 3 / 2 )  and  yellowish  grey 
( 5  Y 7 / 1 1  

Clay,  stony,  very  stiff,  containing  subangular to 
subrounded  clasts  chiefly  of  greywacke  and  sandstone; 
medium  grey (N 5)  

4.4  6.3 

2.7  9.0 

4.7+  13.7 

Borehole terminated  owing  to  slow  progress. 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel  Fines  Sand  Gravel 

from to 4 +&-% +%-1 +1-4  +4-16  +16-64  +64 mm 

21 47 32 0.3- 1 . 3  20   26   18  8 16  12 0 
1 . 3 -   1 . 9   2 4   2 4  11 5 9 1 2  1 5  

Mean 21   24   16  7 1 4   1 2  6 
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NT 35 NW 293 

S u r f a c e   l e v e l  +280.8m 
(+921.3f t )  
Water n o t   s t r u c k  
P i t  
August  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

T i l l  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

3134 5542 

L i t h o l o g y  

Hovburn, Temple 

Soi l ,   l oam,  medium t o   d a r k   b r o w n i s h   g r e y  

C lay ,   s andy ,   f i rm   wi th  some p e b b l e s   i n c l u d i n g  
sands tone ,   o range -b rown ,   i ron   s t a ined  

'C layey '   s andy   g rave l  
G r a v e l :   c o a r s e   a n d   f i n e   w i t h   c o b b l e s ,   s u b a n g u l a r  

t o   r o u n d e d ,   w h i t e  2nd r e d   s a n d s t o n e s ,   d o l e r i t e ,  
g reywacke ,   sha le   and   coa l  

q u a r t z   w i t h   r o c k   f r a g m e n t s  

seams, mott led  reddish  to   orange-brown  becoming 
medium  brown and  yellow-brown  with  depth 

Sand: f i n e  and medium w i t h   c o a r s e ,   s u b a n g u l a r ,  

F i n e s :  s i l t  a n d   c l a y ,   d i s s e m i n a t e d   w i t h  some 

Block E 

Overburden 0.7m 
Mine ra l  1.4m-l- 

Thickness   Depth  
m m 

0.4 0.4 

0.3 0.7 

1.4+ 2.1 

Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel  Fines  Sand  Gravel 

f r o m   t o  4 A-% +%-1 +1-4  +4-16  +16-64  +64 IIIIII 

--- --__I_---- 

16 58 26 0.7- 2 .1  16 32  20 6  11  15 0 
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NT 35 NW 294 3276  5950 Arniston, Borthwick Block E 

Surface  level  +162m 
(+531f  t) 
Groundwater  level +156m 
250 and  200mm  percussion 
August  1982 

LOG 

Geological  classification  Lithology 

Overburden 1.9m 
Mineral 5.5m 
Waste 10.4mt 

Thickness Depth 
m m 

Till 

Soil,  loam, silty 0.3 0.3 

Clay,  silty,  stony,  with  clasts,  mainly of sandstones 
and  coal  with  greywacke,  quartzite  and  felsite,  light 
brown ( 5  YR 5 / 4 )  1.6 1.9 

Fluvioglacial  sand  and  gravel  a  Gravel 
Gravel:  coarse  and  fine  with  cobbles,  subangular 
to rounded,  various  sandstones  with  basalt, 
felsite,  quartzitic  grit,  greywacke,  limestone, 
chert,  carbonaceous  shale,  granodiorite, 
porphyry  and  gneiss 

subrounded,  quartz  with  rock  and  coal 

claybound,  moderate  yellowish  brown (10 YR 5 / 4 )  

Sand:  coarse  and  medium  with  fine,  subangular  to 

Fines:  disseminated  silt  and  clay,  deposit 

2.1  4.0 

b 'Clayey'  sandy  gravel 3.4 7 .4  
Gravel:  coarse  and  fine  with cobbles,  subangular 

Sand:  medium  and  coarse  with  fine,  subangular  to 
to  rounded,  composition as above 

subrounded, quartz  and  rock  with  coal  and 
feldspar  fragments 

Fines:  mainly  silt,  disseminated  and  in  seams, 
dark  yellowish  brown (10 YR 4 / 2 ) ,  becoming 
brownish  grey ( 5  YR 3 / 1 ) ,  and  light  brownish 
grey ( 5  YR 5 / 1 )  with  depth 

Silt,  laminated,  with  sandy  seams  and  some  pebbles, 
more  common  at  top,  pale  yellowish  brown (10 YR 6 / 2 )  1.2  8.6 

Till Clay, stony, very  sandy  to  9.lm  then  stiff  and 
overconsolidated,  greywacke  clasts  common  between 9.5 
and 10.5m. At 16.0m clasts  include  sandstone, 
greywacke,  basalt,  limestone  and  andesite;  moderate 
brown ( 5  YR 3 / 4 )  initially,  becoming  greyish  brown 
( 5  YR 4 / 2 )  by 16.0m 9.2+ 17.8 

Borehole  terminated  owing  to  slow  progress 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel  Fines  Sand  Grave 1 

from to -k, &-% +%-1 +1-4  +4-16  +16-64  +64 

a 

b 

6  29  65 1.9- 3.0 6  4 5  12 34  32 7 
3.0-  4.0 6  6 19 1 3  20   31   5  

Mean 6  5 1 2  1 2  27 32  6 

10 56  34  4.0-  5.5  7  4  32  30  16 11 0 
5.5-  6.7 6  6 29   25  18  16 o s  
6.7-  7.4 2 2  17 6  7 14   34  o s  

Mean 10 7  25  24  16  18 0 

a&b 8  45 47 Me an 8 6  20 19 21 24  2 



NT 35 NU 295 

Surface  level  c+285m 
(d-935f t) 
Water  not  struck 
Pit 
August 1982 

LOG 

Geological  classification 

Fluvioglacial  sand  and  gravel 

Ti  11 

3260 5590 

Lithology 

A l l a n s h a w  Wood, Temple  

Soil,  pebbly,  sandy,  medium  brownish  grey 

Gravel 
Gravel:  coarse  and  fine  with  cobbles  and 
boulders,  subangular to rounded,  yellow,  white, 
brown  and  red  sandstones,  greywacke,  coal, 
siltstone,  shale,  felsite  and  vein-quartz 
Sand:  coarse  and  medium  with  fine,  subangular  to 
subrounded,  quartz  with  rock  fragments 
Fines:  disseminated  silt,  moderate  brown 

Clay,  sandy,  stony,  firm,  angular to rounded  clasts of 
sandstone,  felsite,  greywacke,  coal,  shale  and 
dolerite;  mottled  medium  brown  with  reddish  patches 

Block E 

Overburden 0.3m 
Mineral 1.3m 
Waste 0.6mt 

Thickness  Depth 
m m 

0.3  0.3 

1.3  1.6 

0.6+ 2.2 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines  Sand  Gravel  Fines  Sand  Gravel 

from to -k +&-% +%-1 +1-4  +4-16  +16-64 +64 Ern 

4 32  64 0.3- 1.6 4 4 13 1 5  23  30  11 

1 2 1  



NT 35 NU 296 

S u r f a c e   l e v e l  +195m 
(+639f t )  
Wate r   no t   s t ruck  
250mm p e r c u s s i o n  
J u l y  1982 

LOG 

3378 5909 Gorebridge Water House, Temple 

G e o l o g i c a l   c l a s s i f i c a t i o n   T , i t h o l o g y  

Block E 

Waste 1.9m 
Bedrock 3 .  lmt 

Thickness  Depth 
m m 

S o i l  0.2 0.2  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l   P e b b l y   s a n d  0.3 0.5 
G r a v e l :   f i n e   a n d   c o a r s e ,   s u b a n g u l a r   t o   r o u n d e d ,  

s a n d s t o n e ,   b a s a l t ,   a n d e s i t e ,   l i m e s t o n e ,   g r i t  
and  d o l e r i t e  

s u b r o u n d e d ,   q u a r t z   w i t h   r o c k   a n d   f e l d s p a r  
f r agmen t s  

F i n e s :  some d i s s e m i n a t e d  s i l t ,  moderate  brown 
(5  YR 4 / 4 )  

Sand: f i n e   a n d  medium w i t h   c o a r s e ,   s u b a n g u l a r   t o  

T i l l  C lay ,   s tony ,   s andy ,   w i th  c las ts  mainly of p a l e   a n d  
r u s t   c o l o u r e d   s a n d s t o n e   w i t h   c o a l  

C a r b o n i f e r o u s   ( L i m e s t o n e   C o a l   S a n d s t o n e ,   f i n e   g r a i n e d ,  medium bedded,  somewhat 
Group)   micaceous,   weathered  and  broken,   dark  yel lowish 

o range  (10 YR 6 /6 )  to l i g h t  brown  (5 YR 5/6)  

S a n d s t o n e ,   f i n e   g r a i n e d ,   t h i n l y   b e d d e d ,   i n t e r b e d d e d  
w i t h   c a r b o n a c e o u s   s i l t s t o n e   w i t h   p l a n t   d e b r i s ,   p a l e  
g r e y   ( 5  R 7/11 

Mudstone ,   micaceous ,   carbonaceous ,   wi th   th in   l eaves   o f  
s i l t s t o n e   c o n t a i n i n g   f r a g m e n t s  of ca rbonaceous   ma t t e r  

Coal on s e a t e a r t h ,   m a i n l y   c l a y ,   p a l e   g r e y - b r o w n ,  on 
s i l t s t o n e ,   m i c a c e o u s ,   c a r b o n a c e o u s  

1.4 1.9 

1.1 3.0 

1.0 4.0 

0.8 4.8 

0.2+ 5.0 
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NT 35 NW 297 

S u r f a c e   l e v e l  +230m 
(+756f t )  
Water s t r u c k  a t  +222m 
250mm p e r c u s s i o n  
J u l y  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

T i  11 

Grading 

Mean f o r   D e p o s i t  
p e r c e n t a g e s  

a 

b 

C 

a & b  

a-c 

Fines   Sand  Gravel  

--- 
8 47 45  

7  29 6 4  

11 68 21 

7 36 57  

8 4 1  51 

3315  5769 Outerston, Temple Block E 

Overburden 0.4m 
Mine ra l  8.4m 
Waste 4.5mt 

L i tho logy   Th ickness   Dep th  
m m 

Soi l ,   loam,   sandy 0.4 0.4 

a Sandy  grave l  3.0 3.4 
G r a v e l :   f i n e   a n d   c o a r s e ,   m a i n l y   s u b a n g u l a r   t o  

subrounded,   g reywacke   and   sands tone   wi th  
s i l t s t o n e ,   l i m e s t o n e ,   a n d e s i t e ,   b a s a l t ,  
f e l s i t e ,   c h e r t ,   d o l e r i t e ,   i r o n s t o n e ,  
ve in-quar tz   and  rare c o a l ;  some r o t t e n   p e b b l e s  

Sand: medium a n d   c o a r s e   w i t h   f i n e ,   s u b a n g u l a r   t o  
sub rounded ,   qua r t z ,   rock   and   coa l   f r agmen t s  

F i n e s :   d i s s e m i n a t e d  s i l t  and   c lay ,   modera te  
y e l l o w i s h  brown (10 YR 5 / 4 )  

b Grave l  
G r a v e l :   c o a r s e   a n d   f i n e   w i t h   c o b b l e s   o f  

Sand:  coarse  and medium w i t h   f i n e ,  as above 
F i n e s :  as  above 

s a n d s t o n e ,   o t h e r w i s e  as above 

c 'Clayey '   pebbly   sand  1 . 4  8.8 
Grave l :   f i ne   w i th   coa r se ,   subangu la r   t o   rounded ,  

Sand: medium wi th   coa r se   and  some f i n e ,  as  above 
F i n e s :  a s  above 

compos i t ion  as above   bu t   w i th  less s a n d s t o n e  

C l a y ,   s t o n y ,   s t i f f ,   w i t h  many a n g u l a r   t o   s u b a n g u l a r  
c las t s  of   sands tone ,   sha le ,   muds tone   and   vo lcanic  
r o c k s ,   g r e y i s h  brown (5 YR 3 / 2 )  

Boreho le   t e rmina ted   owing   t o   s low  p rogres s  

Depth  below 
s u r f a c e  (m) 

f r o m   t o  

0.4-  1.4 
1.4-  2.4 
2.4-  3.4 

Mean 

3.4-  4.4 
4.4- 5.4 
5.4-  6.4 
6.4-  7.4 

Mean 

7 .4 -   8 .3  
8.3-  8.8 

Mean 

Me an  

Mean 

4.0  7.4 

4.5+ 13.3 

p e r c e n t a g e s  

F i n e s  Sand Grave l  

-k &-% +%-1 +1-4 +4-16  +16-64  +64 IIUYI 

------- 
7  9 17 18 28 21  0 
8 11 2 5   1 3  2 4   1 9  0 
7 9 21   21  29 13 0 
8 9 21  1 7  27 18 0 

6 6 9 12 24  25  17 
8 4 10  10 24  21  23 
9 8 13 12 29   29  0 
7 6 12 13 24  27 11 
7 6 11 12  25  26 13 

11 7 55 1 2  1 0  5 0 
1 C  8 30 20 20  1 2  o §  
11 8 4 5  1 5  14  7 0 

7  7 1 5   1 4  28  22  7 

8 7 20  14  2 5   2 0  6 
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NT 35 NW 298 

Surface  level  c+278m 
(ct912f t) 
Water  not  struck 
250 and 200mm  percussion 
July  1982 

LOG 

Geological  classification 

Glacial  sand  and  gravel 

Glaciolacustrine  deposits 

Till 

Carboniferous  (Lower  Limestone 
Group) 

3395 5622 Esperston,  Temple 

Lithology 

Soil,  loam, sandy 

a 'Clayey'  sand  with  rare  seams  of  gravel  from 5.2  to 
7.2m 
Gravel: fine with  trace  of coarse,  subangular to 
subrounded,  greywacke and  sandstone  with  coal, 
andesite,  felsite,  vein-quartz,  shale,  rare 
dolerite and  psammite 
Sand:  fine  with  medium  and  trace  of coarse, 
subangular to  subrounded, quartz,  rock  and 
feldspar  fragments 
Fines:  disseminated  silt  and  clay,  and  silt 
seams  at 2.8 and  3.8m,  moderate yellowish  brown 
(10 YR 5/4) 

Silt, very sandy,  laminated,  moderate  yellowish  brown 
(10 YR 5/4) 

b ' Very  clayey'  sand 
Gravel:  rare fine and  trace  of  coarse,  angular 

Sand: fine  with  medium  and  trace of coarse, 

Fines:  disseminated  silt  and  clay,  and  silty 

to subrounded,  composition as above 

otherwise  as  above 

clay  seams  below  7.2m,  moderate  yellowish  brown 
(10 YR 5/4) 

Clay,  pebbly,  soft,  displaying  faint  lamination,  some 
silt seams,  rare  subangular  clasts  mainly of 
sandstone;  pale  brown (5 YR 5/2) 

Clay, pebbly,  soft,  rare  small  clasts of  sandstone, 
limestone  and coal 

c 'Very  clayey'  sandy  gravel 
Gravel: fine,  coarse  and  cobble,  subangular to 
subrounded,  composition as above 
Sand: fine with medium  and some  coarse, 
subangular,  quartz  and  rock  fragments 

Fines:  disseminated  silt  and  clay 

Clay, stony,  sandy,  with  subangular  clasts  including 
sandstone  and  limestone;  moderate  yellowish  brown 
(10 YR 5/4) 

Sandstone,  fine  grained,  hard,  rooty, buff 

Block D 

Overburden 
Mineral 
Waste 
Mineral 
Waste 
Mineral 
Waste 
Bedrock 

0.2m 
8.0m 
1.0m 
4. lm 
2.4m 
1.2m 
2.0m 
0.3mt- 

Thickness  Depth 
m m 

0.2  0.2 

8.0 8.2 

1 .o 9.2 

4.1 13.3 

1.5 14.8 

0.9 15.7 

1.2 16.9 

2.0 18.9 

0.3+ 19.2 
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Grading  

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel  Fines  Sand  Grave 1 

f r o m   t o  4 &-% +%-1 +1-4 +4-16 +16-64  +64 mm 
--- - - , ~ ~ ~ ~ -  

a 16  83 1 0.2-  1.2 8 63 28 1 0 0 0 
1.2-  2.2  12  64  24 0 0 0 0 
2.2-  3.2 15   73   12  0 0 0 0 
3.2-  4.2 8 44  48 0 0 0 0 
4.2-  5.2 14 48  38 0 0 0 0 
5.2-  6.2 18 33   40   6  3 0 0 
6.2-  7.2 16  54  25  2  2 1 0 
7.2- 8.2 34  62  4 0 0 0 0 

Mean 16  55  27 1  1 ** 0 

b 24  76 0 9.2-10.2  18  77  5 0 0 0 0 
10.2-11.2 1 6   6 7   1 5   2  0 0 0 
11.2-12.2  29  55 14  1 1 0 0 
12.2-13.3  31  60  9 0 0 0 0 
Mean 24  64 11 1 ** ** 0 

C 24  50 26  15.7-16.9 24  35 10 5 9 8 9 

a&b 18 81 1 Mean 18 58 22 1 1 ** 0 

a-c 19  78 3 Me an  19  56 21 1 1 1  1 

NT 35 NW 299 

S u r f a c e   l e v e l  c+189m 
(d-618f t )  
Groundwate r   l eve l  +186m 
250mm p e r c u s s i o n  
September  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

3496  5932 Castlelaw Bridge, Borthwick 

L i t h o l o g y  

So i l ,   c l ayey ,   g rey -b rown  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

T i  11 

Carbon i fe rous   (L imes tone   Coa l  
Group) 

' C l a y e y '   s a n d y   g r a v e l  
G r a v e l :   c o a r s e   a n d   f i n e   w i t h  rare c o b b l e s ,  

s u b a n g u l a r   t o   r o u n d e d ,   s a n d s t o n e ,   a n d e s i t e ,  
i r o n s t o n e ,   g r e y w a c k e ,   v e i n - q u a r t z ,   f e l s i t e ,  
c h e r t ,   d o l e r i t e   a n d   c a r b o n a c e o u s   s h a l e  

Sand: f i n e   a n d  medium w i t h   c o a r s e ,   a n g u l a r   t o  
sub rounded ,   qua r t z   w i th   f e ldspa r ,   rock   and   coa l  
f ragmen t s 

moderate  brown ( 5  YR.3/4 t o  5 YR 4 / 4 )  
F i n e s :  s i l t  w i t h   c l a y ,   m a i n l y   d i s s e m i n a t e d ,  

C l a y ,   s i l t y ,   s t o n y ,   m o d e r a t e l y   f i r m ,  c las t s  main ly   o f  
Ca rbon i fe rous   s ed imen t s   w i th   ve in -qua r t z   and  some 
I g n e o u s   r o c k s ,   g r e y i s h  brown (5 YR 4 / 2 )  a t  t o p  
becoming  moderate  brown  (5 YR 3 /4 )  

S i l t ,   s a n d y ,   s t o n y ,  s o f t ,  c l a s t s   m a i n l y   o f   s a n d s t o n e ,  
p r o b a b l y   o f   l o c a l   d e r i v a t i o n ,  medium g r e y  ( N  5 )  

S a n d s t o n e ,   f i n e   t o  medium g ra ined ,   w i th   ca rbonaceous  
and   micaceous   f i lms ,   po rous ,   i nd i s t inc t ly   bedded  
( d i s t u r b e d   o r   d i s t o r t e d ) ,   m i n e r a l i s e d   l o c a l l y  
( p y r i t e s )   a n d   v e i n e d ,   p i n k i s h   g r e y   ( 5  YR 7 / 1 )  

Block F 

Overburden 0.3m 
M i n e r a l  1.7m 
Waste 3.0m 
Bedrock l .Om+ 

Thickness   Depth 
rn m 

0.3  0.3 

1.7 2.0 

2 .o 4.0 

1.0 5.0 

1.0+ 6.0 
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Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel Fines Sand  Grave 1 

from to 4 &-% +%-1  +1-4  +4-16  +16-64  +64  mm 
--- -~________ I___- -  

16 46 38  0.3-  1.3 18 26  16  7  17  16 0 

Mean  16  22  17 7 17  21 0 
1.3-  2.0 12 15  19 8 17  29 O §  

NT 35 NE 27 

Surface  level  +196.2m 

Groundwater  level +184.7m 
250 and  200mm  percussion 
July  1982 

(+643.7ft) 

LOG 

Geological  classification 

Fluvioglacial  sand  and  gravel 

Glaciolacustrine  deposits 

3583 5946 Black Bog Wood, Borthwick 

Lithology 

Soil,  sandy, medium  to dark  brown 

a 'Clayey'  sand 
Sand: fine  with  medium  and  rare  coarse,  mainly 
subrounded,  quartz  with  some  rock  and  coal 
fragments 

Fines: silt,  disseminated  and  as  thin  seams, 
moderate  yellowish  brown (10 YR 5/4) 

b 'Clayey'  pebbly  sand 
Gravel:  fine  with  coarse  and  rare  cobbles, 
subangular to well  rounded,  greywacke,  red  and 
yellow  sandstones,  quartzite,  vein-quartz, 
mudstone,  dolerite,  andesite,  felsite  and 
chert;  mainly  durable  pebbles 
Sand:  fine  and  medium  with coarse, subrounded 
to  rounded with  subangular,  quartz  with  some 
rock  and  coal  fragments 

Fines:  disseminated  silt  and  seams  of  silt  and 
clay, colour  as  above 

Silt, laminated,  moderate  brown,  with  thin  seams of 
fine  sand  with  coal  fragments,  and  laminae  of  reddish 
brown  clay 

c 'Very  clayey'  pebbly  sand 
Gravel:  fine  with  coarse,  as  above 
Sand:  fine  with  some  medium  and  coarse, 

Fines:  seams  of  laminated  silt 
composition as above 

Silt,  laminated,  moderate  brown  with  partings of 
reddish  brown  clay  and  seams  of  fine,  coaly  sand 

Block F 

Overburden 0.3m 
Mineral 5.1m 
Waste 1.3m 
Mineral 1. lm 
Waste 0.4m 
Mineral 8.0m 
Waste 8.9m-I- 

Thickness  Depth 
m m 

0.3  0.3 

1.4 1.7 

3.7  5.4 

1.3 6.7 

1.1 7 . 8  

0.4 8.2 
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LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  Thickness   Depth 
m m 

d ' Clayey '   sand 8.0 16.2 
Grave l :  rare, f i n e ,   a n g u l a r   t o   s u b r o u n d e d ,  

Sand: f i n e   w i t h  some  medium and trace o f   c o a r s e  
sands tone ,   g reywacke   and   coa l  

c o a l ,   s u b r o u n d e d ,   q u a r t z   w i t h  some coa l   and  
rock   f r agmen t s  

c lay   l aminae   f rom 15.7m, modera t e   ye l lowish  
brown (10 YR 5 / 4 )  t o   m o d e r a t e  brown (5 YR 4 / 4 )  

F i n e s :  s i l t ,  d i s s e m i n a t e d   a n d   i n  seams, and 

T i  11 

G l a c i o l a c u s t r i n e   d e p o s i t s  

T i l l  

S i l t ,   l a m i n a t e d ,   m o d e r a t e  brown ( 5  YR 3 / 4 ) ,  w i t h  seams 
of   f i ne ,   coa ly   s and   and   l aminae   o f   r edd i sh  brown 
c l a y ;   a l s o   c o n t a i n i n g   d r o p s t o n e s   o f   s a n d s t o n e   a n d  
greywacke 

C l a y ,   s t o n y ,   s t i f f ,   g r e y i s h  brown ( 5  YR 3 / 2 )  t o  
g r e y i s h   r e d  ( 5  R 4 / 2 ) ,  c o n t a i n i n g   a n g u l a r   t o   r o u n d e d  
c l a s t s   o f   g r e y w a c k e ,   s a n d s t o n e ,   f e l s i t e ,   q u a r t z i t e ,  
coa l   and   ve in -qua r t z  

S i l t ,   l a m i n a t e d ,   m o d e r a t e  brown ( 5  YR 3 / 4 )  w i t h  seams 
o f   d a r k   r e d d i s h  brown c l a y  

S i l t ,   w i t h   a n g u l a r   t o   s u b r o u n d e d   c l a s t s   u p   t o   c o b b l e  
s i z e   o f   g r e y w a c k e   w i t h   c h e r t ,   q u a r t z i t e   a n d   r e d  
s a n d s t o n e  

C l a y ,   s a n d y ,   s t o n y ,   f i r m   t o   s t i f f ,   m o d e r a t e  brown 
(5 YR 3 / 4 )  t o   g r e y i s h  brown ( 5  YR 3 / 2 ) ,  w i t h   a n g u l a r  
t o   r o u n d e d  c las ts  of greywacke   wi th   ve in-quar tz ,  
c h e r t ,   q u a r t z i t e ,   d o l e r i t e ,   a n d   y e l l o w   a n d   r e d  
s a n d s t o n 2 s  

0.5 16.7 

1.1 17.8 

6.3 24.1 

0.7 24.8 

0.3+  25.1 

Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f  ace (m) p e r c e n t a g e s  

a 

b 

C 

d 

F i n e s  Sand  Gravel 

--- 
17 8 3  0 

19  63 18 

31  58 11 

1 4   8 6  0 

a & b  18 69 1 3  

c&d 1 6  8 3  1 

a-d 1 7  77 6 

f rom  to  

0.3- 1.7 

1.7-  3.0 
3.0- 4.5 
4.5-  5.4 

Mean 

6.7- 7.8 

8 .2 -  9.6 
9.6-10.8 

10.8-12.5 
12.5-14.6 
14.6-16.2 
Mean 

Mean 

Me an 

Mean 

F i n e s  

--k 

17 

31  
8 

2 0  
1 9  

3 1  

16  
15 . 
17 
12  
10 
1 4  

18 

1 6  

17 

Sand 

*-% +%-1 +1-4 

--- 
6 5  16 2 

38 14 5 
23  28 1 0  
37 35 4 
31   25  7 

48 6 4 

8 1  2 1 
8 0  5 0 
8 2  1 0 
8 5  3 0 
8 5  5 0 
8 3  3 ** 
42  22 5 

7 9  3 1 

6 5  10 2 

Grave l  

+4-16 +16-64  +64 mm 

--- 
0 0 0 

10 2 0 
1 7  14  0 

3 1 0 
11 7 0 

8 3 0 

0 0 0 
0 0 0 
0 0 0 5  
0 0 0 4  
0 0 0 5  
0 0 0 

8 5 0 

1 ** 0 

4 2 0 
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NT 35 NE 28 3528  5847 Guildie Howes, Borthwick Block P 

Surface  level  +228m 

Groundwater  level  +210m 
250 and  200mm  percussion 
July  1982 

(+748f t) 

LOG 

Geological  classification  Lithology 

Overburden 4.0m 
Mineral 11.2m 
Waste 5.8m 
Bedrock 2.3m+ 

Thickness  Depth 
m  m 

Made  ground,  ash  and  stones 3.5  3.5 

Head Clay,  sandy,  stony,  soft,  moderate  yellowish  brown 
(10 YR  5/4) 0.5  4.0 

a 'Very  clayey'  sandy  gravel 1.2  5.2 
Gravel:  fine  and  coarse,  mainly  subangular, 
yellow and  cream  sandstones,  basalt,  greywacke, 
andesite,  vein-quartz,  coal  and  felsite 
Sand:  fine,  medium  and  coarse,  angular to 
subrounded,  quartz  and  rock  fragments 

Fines:  disseminated  silt  and  clay,  deposit 
claybound,  dark  yellowish  brown (10 YR 4/2) 

Fluvioglacial  sand  and  gravel b Sandy  gravel 
Gravel:  coarse  and  fine  with  rare  cobbles  of 
sandstone  and  limestone,  mainly  subrounded, 
composition as above  with  chert  and  dolerite; 
higher  greywacke  content  below  10.0m 

subangular to subrounded,  quartz  with  feldspar, 
rock  and  coal  fragments 

Fines:  silt  and  clay,  mainly  disseminated, 
deposit  somewhat  claybound  at  top  and  from 8.5 
to  9.Sm, moderate to  dark  yellowish  brown 
(10 YR  5/4 to 10 YR  4/2) 

Sand:  medium  with  coarse  and  fine,  mainly 

Till 

Carboniferous ( ?Base  of 
Limestone  Coal  Group) 

c 'Clayey'  pebbly  sand,  gravelly  below  14.9m 
Gravel:  fine  with  coarse,  angular  to  subrounded, 
sandstone,  coal  and  greywacke,  but  more  varied 
from 14.9m 

subangular to  subrounded,  q,tLartz, coal  and  rock 
fragments with  some  feLdspar 

fine  sand,  moderate  brown (5 R 4/3) 

Sand:  medium  and  fine  with  some  coarse, 

Fines:  mainly silt,  associated  with  seams o f  

Clay,  sandy,  stony, moderately  firm,  brownish  grey 
(5 YR 3/1); clasts  include  sandstones,  basalt,  silty 
sandstone,  limestone,  felsite  and  coal 

Clay, sandy,  stony,  clasts  predominantly of a  massive, 
soft,  coarse  grained,  cream to  pale  grey  sandstone; 
also  limestone  and  basalt 

Clay, stony,  coal  and  shale  fragments  common 

Sandstone,  fine to  medium  grained,  locally  micaceous, 
thinly  bedded  but  not  friable,  locally  cross-bedded, 
porous,  moderately  well  cemented,  pale  to  moderate 
yellowish  brown  (10 YR 6/2 to 10 YR 5/4), coarser 
seams  paler,  iron  stained  at  base 

5.1 10.3 

4.9 15.2 

3.0  18.2 

2.1 20.3 

0.7 21.0 

2.3+  23.3 
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Grading 

a 

b 

C 

b&c 

a-c 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F ines   Sand   Grave l   F ines  Sand Grave l  

from t o  -k, &-% +%-1 +1-4  +4-16  +16-64  +64 mm 
--- ------- 
26  40  34  4.0-  5.2  26  14  14  12  19  15 0 

9 54  37  5.2-  6.2  12  16  35  12 11 1 4  0 
6.2-  7.2 9 17 4 1  1 5  9 9 0 
7.2-   8 .5 8 10 28  20  16 1 3  5 
8 . 5 -   9 . 5   1 0  7 11 13   25   31  3 
9.5-10.3 8 9 1 9  9 23  32 0 

Mean 9 1 2   2 8   1 4   1 6   1 9  2 

1 2   8 1  7 10.3-11.2 9 4 4   3 9  4 2 2 0 
11.2-12.5 11 30  52 3 4 0 0 
12 .5 -13 .5   13   39   30  7 7 4 0 
13 .5-14 .5   15   40   39  5 1 0 0 
14.5-15.2 11 2 0   3 9   1 2   1 3  5 0 
Mean 12   35   40  6 5 2 0 

11 67 22 Mean 11 23 3 4   1 0  11 10 1 

12   64  24  Mean 12  22 32 10 1 2  11 1 

1 2 9  



NT 35 NE 29 

Surface  level +225.2m 

Water  struck  at  +207.8m 
250 and  200mm  percussion 
July  1982 

(+738.9ft) 

LOG 

3631  5853 

Geological  classification  Lithology 

Easter  Middleton,  Borthwick Block F 

Overburden 0.3m 
Mineral 11.7m 
Waste 3 .Om 
Mineral 4.4m 
Waste 4.lm-t 

Thickness  Depth 
m  m 

Soil,  sandy  pebbly  loam,  mid-brown 0.3  0.3 

Fluvioglacial  sand  and  gravel  a  Sandy  gravel 3.7 4 .O 
Gravel:  fine  and  coarse,  subrounded  to  rounded, 
greywacke  with  sandstone,  felsite,  fine  grained 
acid  and  intermediate  volcanic  rocks,  rare 
vein-quartz,  chert,  carbonaceous  shale, 
quartzite  and  coal 
Sand:  medium  and  coarse  with  fine,  mainly 
subangular,  quartz  with  rock  fragments  and  some 
feldspar 

moderate  brown (5  YR 4/4) 
Fines: silt and  clay,  mainly  disseminated, 

G'laciolacustrine deposits 

b  Gravel,  appears  claybound 
Gravel: fine and  coarse  with  rare  cobbles, 
subangular to  rounded  with  rare well 
rounded,  mainly  durable  pebbles,  composition as 
above  with  red  sandstone,  dolerite  and  rare 
tuff  and  ironstone 

rounded,  quartz  with  rock  fragments 

brown (5 YR 4/4) 

Sand: coarse,  medium and fine,  angular  to 

Fines:  disseminated  clay  and  silt,  moderate 

c 'Very  clayey'  sand,  pebbly  to 10.0m 
Gravel:  fine  with  coarse,  subrounded to well 

Sand:  fine  with  medium  and  rare  coarse, 

Fines: silt, mainly  in  seams,  moderate  brown 

rounded,  composition as above 

subrounded,  quartz 

5.7 9.7 

2.3 12.0 

Silt,  sandy  with  trace of fine  gravel,  moderate  brown 3.0 15.0 

d 'Clayey'  gravel 
Gravel:  coarse  and  fine  with  cobbles,  subangular 
to well  rounded,  yellow,  white  and  red 
sandstones,  greywacke,  limestone,  coal, 
dolerite,  chert,  vein-quartz,  andesite  and 

Sand: fine, medium  and  coarse,  subangular  to 

Fines:  silt  with  clay,  disseminated,  greyish 

porphyry 

subrounded,  quartz  with  rock  fragments 

brown (5 YR 3/2)  

e 'Very  clayey'  sand 
Gravel:  rare  fine  and  trace  of  coarse,  angular 

Sand:  fine  with  some  medium  and  rare coarse, 
subrounded,  quartz  with  some  coal  and  rock 
fragments 

brown (5 YR 3 / 4 )  

to rounded,  composition  as  above 

Fines: silt,  disseminated  and in seams,  moderate 

Silt,  laminated,  with  fine  sand  partings  and  clay 
laminae  which  become  more  common  with  depth, 
containing  rare  dropstones  of  greywacke  and  sandstone 
at 21.4m,  brownish  grey (5  YR 4/1) 

2.1 17.1 

2.3 19.4 

4.1+ 23.5 

Borehole terminated  owing  to  excessive  overburden 
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Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel F i n e s  Sand Grave l  

4 . &r% +%-1 +1-4  +4-16  +16-64 f r o m   t o  +64 mm 

a a 59  33  0.3- 1.4 
1.4-  2.4 
2.4- 3 .4  
3.4-  4.0 

Mean 

7  4 30   20  18 21 
9  5 37  26 1 5   8  
8  6 28  26 2 1  11 
7 7 2 5   1 8  1 4   2 9  
8  5 31  23 17  16 

9 11 1 1   1 3  22   34  
11 8 1 3   1 6  26  26 

6  7 1 3   1 5  32 27 
a 9 1 3   2 1  32  17 
9  20 26 1 3  1 5  17 

11 1 4  11 10 2 1  33 
9 11 1 5   1 5  25  25 

b 9  41  50 4.0-  5.0 
5.0-   6 .0 
6.0-  7.0 
7 .0 -   8 .0  
8.0-  9.0 
9.0-  9.7 

Mean 

C 28 7 0  2  9.7-10.0 
10.0-11.0 
11.0-12.0 
Mean 

30  43 8  6 9  4 
25   45  2 9  1 0 0 
31   65  4 0 0 0 
28  54 1 5  1 1 1 

d 11 33  56  15.0-16.0 
16.0-17.1 
Mean 

1 2   1 6  17  7 20  28 
1 0  11 7  9 23   29  
11 1 3  1 2  8 22  28 

0 
1 1  

6 

3 3   5 9  6 1 1 0 
34   64  2 0 0 0 
3 3   6 1  4 1 1 0 

e 33 66 1 17.1-18.5 
18.5-19.4 
Mean 

a & b  8  48  44 Me an 8  9  21  18  22  22 0 

a&b&d 9 45  46 Me an 9 1 0  19 16 22  23 1 

1 2  17 1 9   1 4   1 8   1 9  1 a-d 12  50  38 Me an 

c&e 3 1  68 1 Me an 3 1  57 1 0  1 1 ** 0 

a-e 1 5  52  33 Me an 15   23   17  1 2  1 6   1 6  1 

1 3 1  



NT 35 NE 30 3720 5887 Currieinn Farm, Borthwick Block F 

Surface  level  +232.6m 
(+763.  If t) 
Groundwater  level  +216.7m 
250 and  200mm  percussion 
July  1982 

LOG 

Geological  classification  Lithology 

Overburden 0.3m 
Mineral 4.2m 
Waste 17.5& 

Thickness  Depth 
m  m 

Glaciolacustrine  deposits 

Soil,  pebbly  loam,  medium to  dark  grey  0.3 

Fluvioglacial  sand  and  gravel  a  Gravel 3.0 
Gravel:  fine  and  coarse  with  rare  cobbles, 
subrounded to well  rounded,  greywacke, red  and 
yellow  sandstones,  andesite,  basalt,  mudstone, 
felsite,  quartzite,  vein-quarz,  chert  and  coal 
Sand:  medium  and  coarse  with  fine,  subangular  to 
subrounded,  quartz  with  rock  fragments 

Fines:  disseminated  silt,  dark  yellowish  brown 
(10 YR  4/2) 

b 'Very  clayey'  pebbly  sand 
Gravel: fine and  coarse,  rounded,  greywacke, 
felsite,  andesite,  sandstones,  vein-quartz  and 
coal 

subrounded,  quartz  with  some  coal  fragments 

brown (5 YR 3/4) 

Sand:  fine  with  rare  medium  and  coarse, 

Fines:  silt,  disseminated  and  in  seams,  moderate 

Silt,  sandy,  with rare  fine  gravel  composed  of 
sandstone,  greywacke,  andesite,  chert  and coa.1; 
moderate  brown (5 YR 3/4)  to  8.2m  becoming  greyish 
brown 

Silt, sandy  with  coal  fragments,  laminated,  containing 
laminae  of  reddish  brown  clay,  dusky  yellowish  brown 8.8 
(10 YR  2/2)  to  medium  grey 

1.9 
Sand,  silty,  greyish  brown (5 YR 3/2) 

Silt,  laminated,  with  clay  seams  and  rare  fine  sand 0.9+ 
partings,  greyish  brown to  mid-grey 

Borehole terminated  owing  to  excessive  overburden 

Grading 

Mean  for  Deposit Depth  below 
percentages surf ace (m) 

0.3 

3.3 

1.2  4.5 

5.9  10.4 

19.2 

21.1 

22.0 

percentages 

a 

~~~ ~ 

Fines Sand  Gravel 

from to 
--- 
5 45 50 0.3-  1.4 

1.4-  2.6 
2.6-  3.3 

Mean 

b 32  62 6 3.3-  4.5 

Fines Sand  Grave 1 

4 &r% +%-1 +1-4  +4-16  +16-64 +64 mm 

6 8 18  17 25  26 0 
6 6 24  16 25 23 0 
2 9 23  16 26  24 0 
5 7 22 1 6  26 24 0 

32  54 6 2  3  3 0 

a&b  13 50 37 Me an 13 21  17 12 19 18 0 
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NT 35 NE 31 

Surface  level ct232m 
(~t761f t) 
Water  struck  (perched)  at 
ef226m 
250 and 200mm percussion 
July 1982 

LOG 

3803 5971 

Geological  classification  Lithology 

Halflaw Kiln, Borthwick Block P 

Overburden 0.5m 
Mineral 8. lm 
Waste 5.3m 
Bedrock 5.7m-t 

Thickness  Depth 
m  m 

Soil, sandy,  clayey,  some  pebbles, pale  brown 
(5  YR 5/2)  to  greyish  brown (5 YR 3 / 2 )  0.5 

Fluvioglacial sand  and  gravel  a  Sandy  gravel 5.0 
Gravel:  fine  with  coarse  and  rare  cobbles, 
mainly  subangular to rounded,  chiefly  greywacke 
with  cream,  red  and  green  sandstones,  andesite, 
chert, vein-quartz  and  some  black  shale  and 
mudstone 

to  rounded,  quartz  and  rock  fragments 
Sand:  medium  with  coarse  and  some  fine,  angular 

Fines:  silt,  moderate  brown 

b  Sand  with  pebbles 
Gravel:  fine  with  coarse,  angular to rounded, 

Sand:  medium  with  fine  and  some  coarse, 
sandstone and  volcanic  rocks 

subangular to well  rounded,  quartz  with  rock 
fragments 

Fines: some  silt,  moderate  brown (5  YR 4 / 4 )  to 
moderate  reddish  brown (10 R 4 / 6 )  

c  Gravel 
Gravel: coarse and fine  with  cobbles  of 
sandstone,  mainly  subangular to rounded, 
components as above plus  ironstone  nodules  and 
felsite 
Sand:  medium  with  fine  and  coarse, as above 
Fines: silt,  moderate  brown 

Silt,  clayey,  finely  laminated  in  parts,  micaceous, 
with  some  angular  to  rounded  pebbles  of  sandstone, 
andesite  and  vein-quartz.  Deposit is  greyish  red 

0.5 

5.5 

2.0 7.5 

1.1 8.6 

Glaciolacustrine  deposits 

Till 

Carboniferous  (Calciferous 
Sandstone Neasures) 

( 5  R 
pale 

'Very 

4 / 2 )  to 10.0m, brownish  grey  to 10.5m, becoming 
brown ( 5  YR 5 /2 )  to moderate  brown ( 5  YR 4 / 4 )  4 . 3  

clayey'  sandy  gravel 1 .o 
Gravel: fine  with  coarse,  angular  to  subrounded, 
chiefly  cream  and  iron-stained  sandstones  with 
greywacke,  vein-quartz,  some  quartzite, 
andesite,  felsite and  dolerite 

subrounded,  quartz and  rock  fragments 

with  depth 

Sand:  fine  and  medium  with  coarse,  angular t o  

Fines,  silt and clay,  brown,  becoming  redder 

Sandstone,  broken,  fine  grained,  compact,  massive, 
very  light  grey (N 8) 

Seatclay,  grey, mottled  red,  rooty,  soft  with 
sandstone,  fine  grained,  massive 

Siltstone,  muddy, mottled r e d ,  with  sandstone,  fine 
grained,  massive,  purplish  and  greenish  grey 

Siltstone, purple;  mudstone,  silty,  mottled  dark  red 
and  pale  green;  seatclay,  grey  soft  with  brown  root 
casts 

Sandstone,  silty,  soft,  clean,  massive,  possibly 
sparse  root  casts,  finely  mottled,  purplish  grey 

12.9 

13.9 

1.0 14.9 

1.6  16.5 

1.0 17.5 

1.1 18.6 

1.0+ 19 .6  
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Grading 

a 

b 

C 

a&c 

a-c 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  ( m )  p e r c e n t a g e s  

F ines   Sand  Gravel   F ines   Sand  Gravel  

f rom t o  4 e-% +%-1 +1-4  +4-16  +16-64  +64 IIUII 

- ~ - -  ~~~~~~- 
5 50  45  0.5-  1.5 4  6 26   16   34   14  0 

1.5-  2.5 4  5 1 9  11 29   25  7 
2.5-  3.5 7 1 0   3 3  10 25   15  0 
3.5-  4.5 5  5 3 3   1 9  27 11 0 
4.5-  5.5 3  7 32  20  30 8 0 

Mean 5  7 2 8   1 5   2 9   1 5  1 

1 95 4 5.5-  6.5 1 9 8 6  2 2 0 0 
6.5-  7.5 1 1 4  7 2  5 5  3 0 

Mean 1 11 8 0  4 3 1 0 

2 38 60   7 .5 -  8.6 2  7 2 5  6 2 3   3 2  5 

4 48 48 Mean 4 7 28 1 3  28 18 2 

3 59 38 Me an 3 8 4 0  11 22 1 4  2 

1 3 4  



NT 35 SW 5 3064 5381 Mauldslie,  Temple Block D 

S u r f a c e   l e v e l  
(+939 .6 f t )  
Water seepage  
250  and 200mm 
August  1982 

LOG 

+286.4m 

a t  +271.4m 
p e r c u s s i o n  

G e o l o g i c a l   c l a s s i f i c a t i o n  

Glacial sand   and   g rave l  

T i l l  

L i t h o l o g y  

S o i l ,   l o a m ,   c l a y e y ,   l i g h t  brown 

‘C layey’   s andy   g rave l  
G r a v e l :   f i n e   a n d   c o a r s e ,   s u b a n g u l a r   t o  

subrounded,   g reywacke   and   sands tones   wi th  
l i m e s t o n e ,   a n d e s i t e ,   b a s a l t ,   d o l e r i t e ,   f e l s i t e ,  
v e i n - q u a r t z ,   c h e r t ,   i r o n s t o n e   a n d   s h a l e  

Sand: f i n e  and medium w i t h   c o a r s e ,   s u b a n g u l a r   t o  
sub rounded ,   qua r t z ,   f e ldspa r   and   rock   f r agmen t s  

F i n e s :   d i s s e m i n a t e d  s i l t  a n d   c l a y ,   d e p o s i t  
c l a y b o u n d   l o c a l l y ,   l i g h t  brown ( 5  YR 5 / 6 )  

C l a y ,   s a n d y ,   s t o n y ,   s t i f f ,   w i t h   a n g u l a r   t o   s u b a n g u l a r  
c las ts ,  ma in ly  of greywacke ,   sands tone   and   vo lcanic  
rocks ,   b rowni sh   g rey   (5  YR 4 / 1 )  

‘C layey’   s andy   g rave l  
G r a v e l :   f i n e   w i t h   c o a r s e ,   a n g u l a r   t o   s u b r o u n d e d ,  

Sand: medium a n d   f i n e   w i t h   c o a r s e ,   s u b a n g u l a r ,  

F i n e s :   d i s s e m i n a t e d  s i l t  a n d   c l a y ,   d e p o s i t  

compos i t ion  as i n   g r a v e l  component  above 

q u a r t z ,   f e l d s p a r   a n d   r o c k   f r a g m e n t s  

c l a y b o u n d   l o c a l l y ,   m o d e r a t e   y e l l o w i s h  brown 
(10 YR 5 / 4 )  

C l a y ,   s a n d y ,   s t o n y ,   s t i f f ,  as a b o v e ,   b u t   g r e y i s h  brown 
( 5  YR 3 / 2 )  

Borehole   t e rmina ted   owing  t o  e x c e s s i v e   o v e r b u r d e n  

Overburden 6.5m 
Mine ra l  2.2m 
Waste 10.3mt 

Thickness   Depth  
m m 

0.4 0.4 

0.9 1 . 3  

5.2 6.5 

2 .2  8.7 

10.3+ 19.0 

Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel  Fines  Sand  Gravel 

from t o  -k A-% +%-1 +1-4  +4-16  +16-64  +64 mm 

18 51 31  6.5- 7.5 14   15  20 11 2 2  18 0 
7.5-  8.7 2 1  22 22 1 2  16  7 0 

Mean 18 19 2 1  11 19 1 2  0 

135 



NT 35 SW 6 3023 5247 Huntly Cot, Temple Block D 

Surface  level +301.51m 
(+898.21ft) 
Water  not  struck 
250 and  150mm  percussion 
September 1982  

LOG 

Geological  classification 

Glacial  sand  and  gravel 

Till 

Lacustrine  deposit 

Ti 11 

Lithology 

Soil,  loam,  sandy,  pebbly,  medium  brown 

Gravel 
Gravel:  coarse  with  fine  and  some  cobbles, 
angular to rounded,  greywacke  with  rare  chert, 
andesite,  sandstone,  vein-quartz  and  andesitic 
tuff 
Sand:  coarse  with  medium  and  fine,  angular  to 
subangular,  quartz  and  greywacke  fragments 

Fines:  disseminated  silt  and  clay,  pebbles 
commonly  clay  coated,  moderate  brown (5  YR 3 / 4 )  
to moderate  reddish  brown (10 R 4 / 6 )  

Clay,  sandy,  stony,  firm,  crudely  bedded  in  part,  with 
angular to subrounded  clasts of greywacke  with 
siltstone,  red  and  brown  sandstones,  vein-quartz, 
shale,  coal and  felsite;  light  brown ( 5  YR 5 / 6 )  to 
moderate  reddish  brown ( 1 0  R 4 / 6 )  

Silt,  laminated in part,  with  seams  of  pebbly  sand, 
containing  root  traces  (replaced  by  iron  oxide) 
locally,  moderate  brown (5 YR 4 / 4 )  

Clay,  sandy,  stony,  firm, as above 

Borehole terminated  owing  to  rock  obstruction 

Grading 

Mean  for  Deposit 
percentages 

Depth  below 
surface (m) percentages 

Fines Sand  Gravel 

--- 
9 25  66 

from to 

0.2-  1.2 
1.2-  2.2 
2.2-  4.4 
4.4-  5.5 
5.5- 7.3 

Mean 

Overburden 0.2m 
Mineral 7 .  lm 
Waste 5.6mf 

Thickness  Depth 
m m 

0.2  0.2 

7.1  7.3 

3.9  11.2 

0.6 11.8 

1.1+ 12.9 

Fines Sand  Gravel 

4 &-% +%-1 +1-4 +4-16 +16-64  +64 IIUU 

1 3  5 11 1 3  25  22 11 
8  6 9 9 27 4 1  0 

10   7  4  5 20  54 0 
7  6 7  17 26  32 5 
8 8 9 1 4  25  36 0 
9 7 7 11 24  40  2  

136 



NT 35 SW 7 3130 5497 Blackburn Strip, Temple Block E 

Surface  level 3-287m 
(+942f t) 
Water  not  struck 
Pit 
August  1982 

LOG 

Geological  classification 

Glacial  sand  and  gravel 

Ti 11 

Glacial sand  and  gravel 

Overburden 0.2m 
Mineral 
(including 
0.2m of 
waste) 1.9m-l- 

Lithology  Thickness  Depth 
m  m 

Soil,  sandy,  medium  grey 0.2  0.2 

‘Clayey’ pebbly  sand 1.3 1.5 
Gravel: fine  with  coarse  and  some  cobbles, 
subrounded  to  well  rounded,  sandstone, 
greywacke,  coal,  shale,  vein-quartz,  andesite 
and  dolerite 
Sand: fine with  medium  and  some  coarse, 
subrounded,  quartz  with  rock  fragments 

Fines:  disseminated  silt,  medium  brown 

Clay,  stony,  firm to stiff,  with  clasts of sandstone, 
greywacke,  shale,  coal,  felsite  and  vein-quartz, 
reddish  brown 

’Clayey’ pebbly  sand 
Gravel:  fine  with  rare  coarse 
Sand: fine  with  medium  and  rare  coarse, 
subangular to subrounded,  quartz  with  some  rock 
and  coal  fragments 
Fines:  disseminated  silt,  yellowish  brown 

0.2 1.7 

0.4+ 2.1 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 
- 
Fines Sand  Gravel  Fines  Sand  Grave 1 

from t o  4% A-% +%-1 +1-4  +4-16  +16-64 +64 mm 
--- ------- 
13 70 17  0.2- 1.5 13 39 22 9 11 6 0 

137 



NT 35 SW 8 

S u r f a c e   l e v e l  +293m 

W a t e r   s t r u c k   a t  +276m 
250  and 200mm p e r c u s s i o n  
September  1982 

(+961f t )  

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

Glac ia l   s and   and   g rave l  

T i l l  

G lac i a l   s and   and   g rave l  

T i l l  

G l a c i a l   s a n d   a n d   g r a v e l  

T i l l  

C a r b o n i f e r o u s   ( ? C a l c i f e r o u s  
Sandstone  Measures)  

3133 5484 

Li tho logy  

Blackburn S t r i p ,  Temple Block E 

Overburden 0.2m 
Mine ra l  1. Om 
Wa s t e 0.4m 
Minera 1 1. Om 
Waste 3.0m 
Mine ra l  2 .  ?m 
Waste 9.3m 
Bedrock 1. lmt 

Thickness  Depth 
m m 

S o i l ,   s a n d y ,   p e a t y ,   d a r k  brown  0.2 

a ' Very c layey '   pebbly   sand  1.0 
G r a v e l :   f i n e   w i t h   c o a r s e ,   m a i n l y   s u b a n g u l a r ,  

brown,  cream  and  red  sandstones,   greywacke, 
a n d e s i t e ,   v e i n - q u a r t z ,   s h a l e ,   i r o n s t o n e ,   s c h i s t  
and  conglomerate 

Sand: f i n e   w i t h  medium and some c o a r s e ,   a n g u l a r  
t o   sub rounded ,   qua r t z   w i th  some rock   f ragments  

F i n e s :  s i l t  and   c l ay ,  brown 

Clay ,   ve ry   s andy ,   pebb ly ,   so f t ,  brown 

b 'Very   c layey '   pebbly   sand  
Grave l :   f i ne   and   coa r se ,   compos i t ion   a s   above  
Sand:   composi t ion as above 
Fines :   composi t ion  as above 

C l a y ,   s a n d y ,   s t o n y ,   s i l t y   i n   p a r t s ,   f i r m ,   s a n d   l e n s e s  
p r e s e n t ,   c l a s t s   i n c l u d e   r e d   a n d   y e l l o w   s a n d s t o n e s   a n d  
greywacke  with  vein-quartz,   mudstone  and  igneous 
r o c k s ;   g r e y i s h   r e d  (5 R 4 / 2 )  

c ' C l a y e y '   g r a v e l  
Grave l :   coa r se   and   f i ne   w i th   cobb les ,   ma in ly  

subangular ,   red ,   c ream  and   ye l low  sands tones  
and   g reywacke   w i th   qua r t z i t e ,   andes i t e ,  
d o l e r i t e ,   a n d e s i t i c   t u f f ,   v e i n - q u a r t z   a n d  rare 
p e l i t e   a n d  psammit-e 

rock   f ragments  

seams , brown 

Sand: f i n e   w i t h  medium and   coa r se ,   qua r t z   and  

F i n e s :  s i l t  and   c l ay ,   d i s semina ted   and   i n   pebb ly  

C l a y ,   s t o n y ,   s a n d y   i n   p a r t ,   s t i f f ,   w i t h   c l a s t s   m a i n l y  
o f   s a n d s t o n e  (common a t  base) ,   muds tone   and   coa l ;  
g r e y i s h   r e d  (5 R 4 / 2 )   t o   m o d e r a t e  brown ( 5  YR 4 /4 )  6.1 

C l a y ,   s i l t y ,   s t i f f ,   l a m i n a t e d   a n d   s a n d y   i n   p a r t ,  
s p o r a d i c  c las ts  of coa l ,   ve in-quar tz   and   waterworn  
sands tone ;   dusky   ye l lowish  brown (10 YR 2 / 2 )   t o  
moderate  brown (5 YR 3 /4 )  2 . 7  

C l a y ,   s a n d y ,   s t o n y ,   w i t h   s u b a n g u l a r   t o   r o u n d e d  c las ts  
o f   ye l low  and   b rown   s ands tones   w i th   b l ack   sha l e ,  
coa l ,   red   muds tone ,   g reywacke   and   l imes tone ;   modera te  
y e l l o w i s h  brown (10 YR 5 /4 )  0.5 

S a n d s t o n e ,   s i l t y ,   f i n e   g r a i n e d ,   m i c a c e o u s ,   d a r k  
y e l l o w i s h   o r a n g e  (10 YR 6 / 6 )  1.1+ 

0.2 

1 . 2  

0.4 1.6 

1 .0  2 .6  

3.0 5.6 

2 .3  7 . 9  

14.0 

1 6 . 7  

17.2 

18.3 
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Grading 

Mean f o r  Depos i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F ines   Sand  Gravel   F ines   Sand  Grave  1 

from t o  -k +!I%-% +%-1 +1-4 +4-16 +lh-64  +64 mm 
_L_-- ------- 

a 28 60  12 0.2-  1.2 28  32 20 8 9  3 0 

b 34 53   13  1.6- 2.6 34  35 13 5 7  6 0 

C 12 42 46 5.6-  6.6 19  24 1 3  7 11 1 5  11 
6.6- 7.9 6 15 13 1 2   2 3  27 4 

Mean 1 2   1 9   1 3  10 18 21  7 

a&b 31 56 13 Mean 31  32  17  7 8 5 0 

a-c 21 48 31 Me an  21  25  15 8 13 14  4 

NT 35 sw 9 

S u r f a c e   l e v e l  +312.lm 
(+1024.0f t )  
Water n o t   s t r u c k  
250 and 200mm p e r c u s s i o n  
September  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

Glacial  sand   and   grave l  

G l a c i o l a c u s t r i n e   d e p o s i t s  

3119 5283 Mauldslie, Temple 

L i t h o l o g y  

S o i l ,   s a n d y ,   p e b b l y ,  medium  brown 

a 'C layey '   s andy   g rave l  
G r a v e l :   f i n e   a n d   c o a r s e ,   s u b a n g u l a r   t o  wel l  

rounded,  greywacke  with  red  and  brown 
s a n d s t o n e s ,   s i l t s t o n e ,   s h a l e ,   c o a l ,   v e i n - q u a r t z  
a n d   a n d e s i t e  

q u a r t z   w i t h   r o c k   f r a g m e n t s  

( 5  YR 4 / 4 )  

Sand: medium a n d   f i n e   w i t h   c o a r s e ,   s u b a n g u l a r ,  

F i n e s :   d i s s e m i n a t e d  s i l t ,  moderate  brown 

b ' V e r y   c l a y e y '   s a n d   w i t h   t r a c e   o f   f i n e   g r a v e l  
Sand :   f i ne   w i th  some medium and rare c o a r s e ,  

subrounded,   quar tz   wi th  some rock   f r agmen t s  
F i n e s :  s i l t ,  d i s s e m i n a t e d   a n d   i n  seams, moderate  

r e d d i s h  brown (10 R 4 / 6 )  

c Pebbly  sand 
G r a v e l :   f i n e   w i t h   c o a r s e ,   s u b a n g u l a r   t o  well 

rounded,   b rown,   whi te   and   red   sands tones ,  
g r e y w a c k e ,   s i l t s t o n e ,   s h a l e ,   v e i n - q u a r t z ,   r a r e  
f e l s i t e  and  coal   which i s  common l o c a l l y  

Sand: medium a n d   f i n e   w i t h   c o a r s e ,   s u b a n g u l a r   t o  
sub rounded ,   qua r t z   w i th   rock   and   coa l   f r agmen t s  

F i n e s :   d i s s e m i n a t e d  s i l t ,  moderate  brown 
(5 YR 4 / 4 )  

S i l t ,   v e r y   s a n d y ,   l a m i n a t e d ,   w i t h   c o a l   f r a g m e n t s ,  
moderate  brown ( 5  YR 4 / 4 )  

d ' Very  clayey'   sand  with rare small p e b h l e s  
S a n d :   f i n e   w i t h  medium and rare  c o a r s e ,  

sub rounded ,   qua r t z   w i th   coa l   f r agmen t s  
F i n e s :  s i l t ,  i n  seams, moderate  brown ( 5  YR 4 / 4 )  

Block D 

Overburden 0.6m 
Minera l   7 .  Om 
Waste 1.9m 
M i n e r a l  3. l m  
Waste 3.9m+ 

Thickness   Depth 
m m 

0.6 0.6 

1.1 1 . 7  

1 . 2  2.9 

4.7  7.6 

1.9  9.5 

3.1 1 2 . 6  
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NT 35 SW 9 c o n t ' d .  

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  Thickness   Depth  
m m 

T i l l  

S i l t ,   s a n d y ,   c l a y e y ,   l a m i n a t e d   w i t h  clay f i l m s ,  
moderate  brown ( 5  YR 4 / 4 ) ,  g r e y i s h  brown ( 5  YR 3 / 2 )  
and  dusky  brown ( 5  YR 2 / 2 )  1.1 13.7 

C l a y ,   s t o n y ,   s t i f f ,   w i t h   a n g u l a r   t o   r o u n d e d  clasts of  
red ,   b rown,   ye l low  and   whi te   sands tones ,   g reywacke ,  
s i l t s t o n e ,   s h a l e ,   c o a l  and  vein-quartz;   dusky 
y e l l o w i s h  brown (10 YR 2 / 2 )  

B o r e h o l e   t e r m i n a t e d  owing t o  slow p r o g r e s s  

Grading 

a 

b 

C 

d 

a & b  

a&c 

a-c 

a-d 

2.8+  16.5 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

Fines   Sand  Gravel   Fines   Sand  Grave 1 

f r o m   t o  -% &r% +%-1 +1-4  +4-16  +16-64  +64 UUB 

--- ------- 
14   46  40 0.6-  1.7 1 4  1 7   1 9  10 21   19  0 

2 9   7 1  0 1.7-  2.9  29  64  6 1 ** 0 0 

7 8 4  9  2.9- 3.7  6 20  54  12  7  1 0 
3.7-  4.7  5 10 4 6   1 8   1 4  7 0 
4.7-  5.7  7  38  43  7 5 0 0 
5.7-  6.7 5 2 1   5 3   1 2  9 0 0 
6.7-  7.6 10 7 4   1 6  0 0 0 0 

Mean 7  32  42 1 0  7  2 0 

36   64  0 9.5-12.6  36  48 1 4  2 0 0 0 

22  58 2 0  Me an 2 2   4 1   1 2  5 11 9 0 

8 77 1 5  Me an 8  29 38 10  10 5 0 

1 2  7 6  1 2  Mean 1 2  3 6  32  8 8  4 0 

1 9  7 2  9 Me an 1 9   3 9  27  6 6  3 0 

1 4 0  



NT 35 SE 1 

S u r f a c e   l e v e l  +286.0m 
(+938.3f t )  
Groundwate r   l eve l  +283.8m 
250 and 200mm p e r c u s s i o n  
September  1982 

LOG 

3642 5047 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  

Ladyside, Heriot Block 64 

Overburden 0.3m 
Mine ra l  1 5 .  l m  
Bedrock 0.6m-k 

Thickness  Depth 
m m 

Soi l ,   loam,   sandy,   pebbly  0.3 0.3 

Alluvium 

Glacial sand   and   grave l  

T i l l  

Ordov ic i an  

a Grave l  1.1 1 .4  
G r a v e l :   c o a r s e   a n d   f i n e   w i t h   c o b b l e s ,   m a i n l y  

subangu la r ,   ch i e f ly   g reywacke   w i th  some 
ve in -qua r t z  

S a n d :   c o a r s e   t o   f i n e ,   a n g u l a r   t o   s u b r o u n d e d   b u t  
main ly   subangular ,   quar tz   and   rock   f ragments  

F ines :   d i s semina ted  s i l t  a n d   c l a y ,   d e p o s i t  
c laybound  f rom 1. Om, d a r k   y e l l o w i s h  brown 
(10 YR 4 /2 )  

b Gravel ,   markedly  c laybound 
G r a v e l :   c o a r s e   a n d   f i n e   w i t h   c o b b l e s ,   s u b a n g u l a r  

to   subrounded,   mainly  greywacke  with some 
s a n d s t o n e ,   a n d e s i t e   a n d   f e l s i t e  

subrounded,   quar tz   and   rock   f ragments  

l o c a l l y ,   c o n s i d e r a b l e   f i n e s   l o s s   o w i n g   t o  
d r i l l i n g  method e s p e c i a l l y   b e l o w  2.4m; moderate  
y e l l o w i s h  brown (10 YR 5 / 4 )  becoming  greyish 
o range  (10 YR 6 /4 )   and   da rk   ye l lowish   o range  
(10 YR 6 /6 )  w i th   dep th  

Sand:   coarse   and medium w i t h   f i n e ,   a n g u l a r   t o  

F i n e s :   d i s s e m i n a t e d   c l a y ,   d e p o s i t   t i l l o i d  

c G r a v e l ,   w i t h  a s i l t y ,   c l a y e y   m a t r i x  
G r a v e l :   f i n e   a n d   c o a r s e   w i t h  some c o b b l e s ,  

m a i n l y   a n g u l a r   t o   s u b a n g u l a r   w i t h  some 
subrounded  and  rounded,   composi t ion  as   above 

Sand :   coa r se   w i th  medium and some f i n e ,   a n g u l a r  
t o   sub rounded ,   qua r t z   and   rock   f r agmen t s  

F i n e s :   d i s s e m i n a t e d   c l a y   w i t h  s i l t ,  d e p o s i t  
c l a y b o u n d ,   b u t   c o n s i d e r a b l e   f i n e s   l o s s   o w i n g   t o  
d r i l l i n g  method;   greyish  orange (10 YR 6 / 5 )  

Greywaclce and s i l t y  mudstone, f i s s i l e ,   c o l o u r   b e d d e d ,  
o l i v e   g r e y  ( 5  Y 4 / 2 )  

9.1  10.5 

4.9 15.4 

0.6+ 16.0 
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Grading 

Mean f o r  Deposi t  Depth below 
p e r c e n t a g e s  s u r f a c e  (m)  p e r c e n t a g e s  

F i n e s  Sand  Gravel  Fines  Sand  Gravel 

from t o  4 &-% +%-1 +1-4 +4-16  +16-64  +64 UUII 

a 8 25 67 0.3- 1.4 8 5 9 11 2 6   4 1  0 

b 5 24 71 1.4-  2.4 
2.4- 3.7 
3.7-  4.7 
4.7- 5.7 
5.7- 6.7 
6.7- 7.7 
7.7-  8.7 
8.7- 9.5 
9.5-10.5 

Mean 

10 
5 
5 
3 
3 
3 
4 
4 
5 
5 

6 
3 
2 
2 
2 
2 
2 
1 
2 
2 

9 
7 
4 
9 
9 
7 

1 3  
11 
8 
9 

10 
10 
10 
1 4  
11 
10 
19 
18 
1 9  
1 3  

28 
2 1  
27 
36 
36 
28 
37 
28 
31  
30 

37 
5 4  
42 
3 6  
31 
50 
25 
38 
35 
39 

C 6 40  54  10.5-11.5 5 3 15 2 3   3 2  22  o s  
11.5-12.5 6 4 1 4   2 2  31  23 o s  
12.5-13.5 5 5 17   19  3 1   2 3  o s  
13.5-14.5 5  2 1 2   2 2  36 23 o s  
14.5-15.4 8 6 1 4   2 3  36 1 3  o s  
Mean 6 4 1 4   2 2  33  21 0 

a& b 5 2 5   7 0  Me an 5 3 9 1 3  30 38 2 

a-c 5 29  66 Mean 5 3 10 16   31  3 4  1 

1 4 2  



NT 35 SE 2 3789 5181 Lady's Wood, Heriot Block G4 

Sur f  ace l e v e l  +26?.3m 

Groundwate r   l eve l  +261.2m 
250  and 200mm p e r c u s s i o n  
September  1982 

(+863.8f t )  

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

Alluvium 

?La te -Glac ia l   a l l uv ium 

G l a c i a l   s a n d   a n d   g r a v e l  

L i t h o l o g y  

S o i l ,   l o a m ,   g r a v e l l y  

a Grave l ,   s l i gh t ly   c l aybound   be low 1.2m 
Grave l :   cobb le ,   coa r se   and   f i ne ,   subangu la r   t o  

subrounded,   mainly  greywacke  with  sandstone,  
ve in -qua r t z ,   che r t   and  rare c o a l  

Sand:   coarse   wi th  medium a n d   f i n e ,   a n g u l a r  t o  
subrounded,   quar tz   and   rock   f ragments  

F ines :   d i s semina ted  s i l t  a n d   c l a y ,   d a r k  
y e l l o w i s h  brown (10 YR 4 / 2 )  

S i l t ,   s a n d y ,   w i t h  trace of f i n e   g r a v e l  composed  of 
greywacke  and  coal ,   moderate   yel lowish  brown 
(10 YR 5 / 4 )  

S i l t ,   l a m i n a t e d ,   w i t h   c l a y   f i l m s ,   a n d   p e b b l e s   b e l o w  
6. lm,   mainly  moderate   yel lowish brown  (10 YR 5 /4)  

b ' C l a y e y '   g r a v e l  
Grave l :   coa r se   w i th   f i ne   and   cobb le ,   ma in ly  

subangular ,   g reywacke   wi th  some v e i n - q u a r t z ,  
s a n d s t o n e ,  rare f e l s i t e ,   a n d e s i t e   a n d   q u a r t z i t e  

Sand:   coarse ,  medium a n d   f i n e ,   a n g u l a r   t o  
subrounded,   quartz   and  rock  f ragments  

F i n e s :   d i s s e m i n a t e d  s i l t  w i t h   c l a y ,   c o n s i d e r a b l e  
f i n e s  l o s s  owing t o   d r i l l i n g  method;  moderate 
y e l l o w i s h  brown  (10 YR 5 / 4 )  

B o r e h o l e   t e r m i n a t e d   o w i n g   t o   r o c k   o b s t r u c t i o n  
( p o s s i b l y   b e d r o c k )  

Overburden 0.2m 
Mineral   3 .  Om 
Waste 3. l m  
Mine ra l  2 3m+ 

Thickness   Depth 
m m 

0.2 0.2 

3 .O 3.2 

1.8 5.0 

1.3 6.3 

2.3+ 8.6 

Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel 

f r o m   t o  

--- 
a 5  22 73  0.2-  1.2 

1.2-  2.0 
2.0- 3.2 

Mean 

b 11 24 65  6.3-  7.3 
7.3- 8.6 

Mean 

a & h  7  22 71 Me an 

F i n e s  

-t 

2 
6 
6 
5 

20 
4 

11 

7 

Sand 

&r% +%-1 +1-4 

-_I__- 

2  5 1 0  
4  8 1 5  
5 5 1 2  
4  6 12  

7  5 8 
4 8 1 5  
5 7 12  

4  6 1 2  

Grave l  

+4-16  +16-64  +64 mm 

18 38 25 
2 5  42 0 
35  33 4 §  
27 36 10 

21  39 o §  
19 42 8 s  
2 0  40 5 

2 4  39 8 
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NT 35  SE 3 

Sur€ace level  +251.66m 

Groundwater  level  +250.5m 
250 and  200mm  percussion 
September  1982 

(+825.66ft) 

LOG 

Geological  classification 

Alluvium 

?Late-Glacial  alluvium 

Glacial  sand  and  gravel 

Ti  11 

Glaciolacustrine  deposits 

3919 5264 Heriot,  Heriot 

Lithology 

Block G4 

Overburden 0.3m 
Mineral 2.  5rr 
Waste 4.6m 
Mineral 1. lm 
Waste 6.lm 
Mineral 2.9m 
Waste 0.4m 
Bedrock 0. I d  

Thickness  Depth 
m  m 

Soil,  loam,  sandy,  moderate  brown 0.3  0.3 

a  Gravel 2.5  2.8 
Gravel:  coarse  with  fine  and  cobble,  mainly 
subangular to subrounded,  many  platy  pebbles, 
chiefly  greywacke  with  rare  chert,  vein-quartz, 
felsite,  cream  and  red  sandstones  and  tuff 
Sand:  coarse  and  medium  with  fine,  angular t o  
subrounded, ,quartz  with feldspar  and  rock 
fragments 

Fines:  disseminated silt,  greyish  yellowish 
brown (10 YR  5/2) 

Silt,  laminated,  with  seams  of  fine  sand to  4.0m  and 
clay  laminae  from 5.0m,  partly colour  laminated, 
colour  variable,  moderate  yellowish  brown 
(10 YR  5/4),  becoming  light olive  grey (5 Y 5/21, 
medium  light  grey (N 6), light  olive  grey (5 Y 6/2), 
pale  olive (5 V 5 / 3 )  and  finally  greyish  orange 
(10 YR  7/4)  4.6  7.4 

b Gravel 1.1 8.5 
Gravel:  fine  with  coarse,  cobbles  at  base, 
mainly  subangular,  commonly  platy,  greywacke, 
shale  and  grit  with  some  sandstone, 
vein-quartz,  felsite,  chert  and  andesitic  tuff 

subrounded,  quartz  and  rock  fragments 

from  8.2m  light  olive  grey (5 Y  5/2) 

Sand:  coarse  with  medium  and  fine,  angular  to 

Fines:  some  disseminated  silt,  deposit  claybound 

Silt,  stony,  sandy,  clayey,  firm,  clasts  mainly 
greywacke,  moderate  yellowish  brown (10 YR  5/4) 0.3 8.8 

Clay,  stony,  silty,  stiff,  clasts  mainly of 
Carboniferous  sediments  with  basalt,  plus  vein-quartz 
and  felsite,  dusky  yellowish  brown (10 YR 3/2)  2.4  11.2 

Clay,  stony,  firm,  clasts  mainly  of  greywacke  with 
grit  and  dolerite,  moderate  brown (5 YR 4 / 4 ) ,  
laminated  silt  fragments  incorporated  in  deposit  from 
12.0m  2.6  13.8 

Silt,  laminated,  with  clay  films,  colour  laminated, 
moderate  yellowish  brown (10 YR 5/4), moderate  brown 
(5  YR 4 / 4 )  and  light  brown (5  YR 5/6)  0.8 14.6 
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NT 35 SE 3 cont'd. 

LOG 

Geological  classification  Lithology Thickness  Depth 
m m 

Till 

Ordovician 

c  Gravel,  disaggregated  stony  sandy  clay 
Gravel:  coarse  and  fine  with  some  cobbles, 
angular to subangular  with  some  subrounded  and 
rounded,  mainly  greywacke  with  some  dolerite, 
basalt,  felsite  and  chert 
Sand:  coarse  with  medium  and  some  fine,  angular 
to  subrounded,  quartz  and  rock  fragments 

Fines:  disseminated  silt  and  clay,  but 
considerable  fines loss owing to drilling 
method;  moderate  yellowish  brown ( 1 0  YR 5 / 4 )  

Clay,  stony,  soft  to firm,  predominantly  composed  of 
small  fragments  of  shale  and  siltstone;  medium  grey 
(N 5 )  to dark  grey (N 3 )  with  a  bluish  hue 

Greywacke,  medium  grained,  hard,  medium  dark  grey 
(N 4 )  

2.9  17.5 

0.4 17 .9  

0.1+ 18.0 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel  Fines  Sand  Gravel 

from to 4 &-% +%-1 +1-4  +4-16  +16-64  +64 mm 

a 5 25 70   0 .3 -   1 .3  8 6 11 1 3  19 43 0 

Me an 5 5 8 12   20   43  7 
1.3-  2.8 3  5  6 11 2 0   4 4  11 5 

b 5 40 55 7.4-   8 .5 5 8 11 21 36 1 9  o §  

C 2 32 66  14.6-17.5.  2  4  7 21   29   33  4 §  

a& b 5 30 65 Mean 5 6  9 15   25  35 5 

a-c 4 30 66 Me  an 4 5 8 17  27 35 4 

1 4 5  



NT 36 NW 337 

Surface  level  +82m 

Water  struck  at  +79m 
250mm percussion 
September  1982 

(+270f  t) 

LOG 

3062  6714 

Geological  classification  Lithology 

Melville Mains, Lasswade Block A 

Overburden 0.3m 
Mineral 4.2m 
Waste 8.3m-l- 

Thickness  Depth 
m  m 

Soil 0.3 0.3 

Fluvioglacial  sand  and  gravel  a  Pebbly  sand 1.5 1.8 
Gravel: fine with  coarse,  subrounded  to  well 
rounded,  yellow  and  brown  sandstones  and 
andesite  with  greywacke,  felsite,  quartzite, 
vein-quartz  and  coal 
Sand: fine  with  medium  and  some  coarse, 
subrounded,  quartz with  rock  fragments 

Fines:  silt,  disseminated  with  seams,  moderate 
brown (5 YR 4 / 4 )  

Glaciolacustrine  deposits 

Till 

b ' Clayey'  sand 
Sand: fine  with  medium  and  rare  coarse, 

Fines: silt, disseminated  and  in  seams,  moderate 
subrounded, mainly  quartz 

brown (5  YR 4 / 4 )  

Silt,  laminated,  moderate brown ( 5  YR 4 / 4 ) ,  containing 
seams  of  fine  sand  and  brownish  grey (5  YR 4 / 1 )  
clay  laminae  with  some  coal  fragments 

Clay,  sandy,  stony,  stiff,  moderate  brown (5 YR 3 / 4 ) ,  
containing  angular to subrounded  erratics  of 
sandstone,  shale,  greywacke,  felsite,  andesite  and 
vein-quartz 

2.7 4.5 

6.9  11.4 

1.4+  12.8 

Borehole  terminated  owing to slow progress 

Grading 

Mean for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel  Fines  Sand  Gravel 

from to 4 6  46-k +%-I +1-4 +4-16  +16-64  +64 UUII 

a 7 8 4  9 0.3-  1.8  7  46  34  4  7  2 0 

b 15 85 0 1.8- 3.0 1 2  47 40 1 0 0 0 

Mean 1 5  63 22 ** .k* ** 0 
3.0-  4.5  17  75  8 0 0 0 o s  

a&b 1 2  8 4  4 Mean 12  56  26  2  3 1 0 

1 4 6  



NT 36 NW 338 

S u r f a c e   l e v e l  +58m 
(+191f t )  
Water n o t   s t r u c k  
250mm p e r c u s s i o n  
September 1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n   L o t h o l o g y  

Wester  Millerhill, Newton Block G1 

Overburden 0.7m 
Mine ra l  1 . 8 m  
Waste 2.2m 
Minera l  2.9m 
Bedrock 0.2mt 

Thickness   Depth  
m m 

S o i l  0 .3  0 .3  

Made ground 0.4  0.7 

Glacial sand   and   g rave l  

T i l l  

Carboni ferous   (Middle   Coal  
Measures) 

a 'Very  c layey '   pebbly  sand 1.8 2.5 
G r a v e l :   f i n e   w i t h  some c o a r s e ,   s u b a n g u l a r  t o  

r o u n d e d ,   r e d   a n d   w h i t e   s a n d s t o n e s   w i t h   f e l s i t e ,  
a n d e s i t e ,   p o r p h y r y ,   s h a l e ,   c o a l ,   c h e r t   a n d  
ve in -qua r t z  

s u b a n g u l a r   t o   s u b r o u n d e d ,   q u a r t z   w i t h   r o c k  
f r agmen t s  

seams, moderate  brown (5 YR 4 / 4 )  a n d   l i g h t  
brown (5 YR 6 / 4 )  

Sand: f i n e   w i t h  some  medium and   coa r se ,  

F i n e s :  s i l t ,  d i s s e m i n a t e d   a n d   i n   l a m i n a t e d  

S i l t ,   s a n d y ,   l a m i n a t e d ,   m o d e r a t e  brown (5 YR 4 / 4 )  

Clay ,   s andy ,   s tony ,   f i rm ,   dusky  brown (5 YR 2/2) ,  
c o n t a i n i n g   a n g u l a r   t o   s u b r o u n d e d  e r ra t ics  o f  
s a n d s t o n e ,   g r e y w a c k e ,   c o a l ,   s h a l e   a n d   f e l s i t e  

b ' C l a y e y '   g r a v e l  
G r a v e l :   c o a r s e ,   f i n e   a n d   c o b b l e ,   a n g u l a r   t o  

subangu la r ,   r ed   micaceous   s ands tone   w i th   ye l low 
sands tone   and  some c o a l ,   s h a l e ,   d o l e r i t e   a n d  
ve in -qua r t z  

Sand: f i n e   w i t h  medium a n d   c o a r s e ,   s u b a n g u l a r ,  
qua r t z   and   rock   f r agmen t s  

F i n e s :   d i s s e m i n a t e d  s i l t  a n d   c l a y ,   d a r k   r e d d i s h  
brown ( 1 0  R 3 / 4 )  

S a n d s t o n e ,   f i n e   g r a i n e d ,   m i c a c e o u s ,   f i n e l y   b e d d e d ,  
g r e y i s h   r e d  (5 R 4 / 2 )  

1.9 4.4 

0.3 4.7 

2.9 7.6 

0.2+ 7.8 

Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel  Fines  Sand  Gravel 

f r o m   t o  4 +&-% +%-1 +1-4 +4-16  +16-64  +64 mm 

--- ------- 
a 38 56 6  0.7- 2 .5  38 43 8 5 5 1 0 

b 19 4 0  41 4.7- 5.9 21 30 9 8 1 3   1 4  5 

Mean 19 27 7 6 13 1 5  1 3  
5.9- 7 .6  17 2 5  6 5 1 3   1 5  19 

a&b 26 47  27 Mean 26  33 8 6 10 9 8 
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NT 36 NW 339 

Surface  level  +76m 
(+248f t) 
Water  struck  at  +71m 
250 and  200mm  percussion 
September 1982 

LOG 

Geological  classification 

3123 6761 

Lithology 

Melville Nurseries, Lasswade 

Fluvioglacial  sand  and  gravel 

Glaciolacustrine  deposits 

Till 

~~~~~ ~ ~ ~ ~ ~ 

Made  ground 

a 'Clayey'  pebbly  sand 
Gravel:  coarse  and  fine,  subangular  to  rounded, 
red,  brown,  white  and  green  sandstones  and 
andesite  with  quartzite,  felsite,  basalt, 
greywacke,  coal  and  vein-quartz 

to rounded,  quartz  and  rock  fragments 
Sand: fine  with  medium  and  some  coarse,  angular 

Fines: silt, medium  brown 

b 'Very  clayey'  sand 
Sand:  fine  with  rare  medium  and  trace  of  coarse, 

Fines: silt, disseminated  and  in  seams, 
rounded,  quartz  and  rock  fragments 

micaceous  with  some  coal  debris,  medium  brown 

Silt, laminated,  with  seams  of  fine  sand  and  clay 
laminae,  micaceous  and  containing  coal  debris, 
brownish  grey (5 YR 4/1) to  dark  grey ( N  3) 

Clay,  sandy,  stony,  stiff,  brownish  grey  to  moderate 
brown,  containing  erratics of sandstone,  basalt, 
andesite  and  mudstone 

Borehole  terminated  owing  to  obstruction 

Block A 

Overburden 0.4m 
Mineral 6. Om 
Waste 9.3mt 

Thickness  Depth 
m  m 

0.4  0.4 

2 .o 2.4 

4.0  6.4 

5.3 11.7 

4.0+  15.7 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

a 

b 

a&b 

Fines Sand  Gravel 

from to 

19 61 20  0.4-  1.4 
1.4-  2.4 

Mean 

28 72 0 2.4-  3.4 
3.4-  4.4 
4.4-  5.4 
5.4-  6.4 

Me an 

25 69 6 Mean 

Fines 

-& 

25 
13 
19 

12 
37 
29 
35 
28 

25 

Sand 

*i-% +%-1 +1-4 
--- 
24 21 9 
47  18 5 
34  20 7 

70 17 1 
59 4 0 
70 1 0 
63 2 0 
66 6 ** 
55 11 3 

Gravel 

+4-16  +16-64  +64 UUII 

--- 
12 9 0 
7 10 0 
10 10 0 

0 0 0 
0 0 0 
0 0 o s  
0 0 o s  
0 0 0 

3 3 0 
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NT 36 NW 340 

S u r f a c e   l e v e l  +104m 
(+341f t )  
Water s t r u c k   ( p e r c h e d )  a t  
+98 m 
250  and 2OOmm p e r c u s s i o n  
September  1982 

LOG 

3108  6622 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  

Broomieknowe Golf Course, Lasswade 

S o i l  

Made ground 

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l   S a n d ,   f i n i n g  downwards 
G r a v e l :   f i n e ,   s u b a n g u l a r   t o   r o u n d e d ,   a n d e s i t e ,  

Sand: f i n e   w i t h  medium and rare c o a r s e ,  
s a n d s t o n e ,   f e l s i t e ,   s h a l e   a n d   g r e y w a c k e  

subrounded,   quar tz   wi th  some rock   and   coa l  
f r a g m e n t s  

F i n e s :  s i l t ,  d i s s e m i n a t e d   a n d   i n  seams, l i g h t  
brown  (5 YR 5 /6 )  

G l a c i o l a c u s t r i n e   d e p o s i t s  

T i  11 

C a r b o n i f e r o u s  (Lower  Coal 
Measures)  

S i l t ,   l a m i n a t e d ,   c o n t a i n i n g  seams o f   f i n e   s a n d   a n d  
c o a l   r i c h   p a r t i n g s ,   m o d e r a t e  brown  (5 YR 4 / 4 )   t o  
g r e y i s h  brown (5 YR 3 /2)  

C l a y ,   s t o n y ,   g r e y i s h  brown (5 YR 3 /2 )   becoming   l i gh t  
brown  (5 YR 5 / 6 )  below 14.0m. C o n t a i n i n g   e r r a t i c s   o f  
c o a l ,   s h a l e ,   a n d e s i t e ,   y e l l o w   a n d   r e d   s a n d s t o n e s ,  
f e l s i t e ,  greywacke  and  vein-quartz 

S a n d s t o n e ,   f i n e   g r a i n e d ,   c r o s s - b e d d e d ,   c o n t a i n i n g  
p l a n t   r e m a i n s ,   w e a t h e r e d ,   p a l e   y e l l o w i s h   o r a n g e  
(10 YR 8 / 6 )  t o   l i g h t  brown (5 YR 5 / 6 )  

S i l t s t o n e ,   f i n e l y   b e d d e d ,   m i c a c e o u s ,  medium dark   g rey  
( N  4 ) ,   c o n t a i n i n g   s a n d s t o n e   r i b s  

Sands tone ,  medium g r a i n e d ,   m a s s i v e ,   d a r k   y e l l o w i s h  
orange  (10 YR 6 / 6 )  

S e a t c l a y ,   f i n e l y   b e d d e d ,  medium g r e y  ( N  5 )  w i th   b l ack  
carbonaceous   remains  

Block A 

Overburdell 1. Om 
M i n e r a l  2. Om 
Waste  11.2m 
Bedrock  2.3mt 

Thickness  Depth 
m m 

0.1  0.1 

0.9 1 . 0  

2.0 3.0 

9.1  12.1 

2.1  14.2 

1.1 15 .3  

0.1  15.4 

0 .9   16 .3  

0.2+ 16.5 

Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

Fines   Sand  Gravel   Fines   Sand  Gravel  

f r o m   t o  4 -I-&-% +%-1 +1-4 +4-16 1-16-64 +64 IMI 

9 90 1 1.0-  2.0 7 47 42 2. 2 0 0 
2.0- 3.0 1 0   7 0  20  0 0 0 0 

Mean 9 58 31 1 1 0 0 
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NT 36 NW 341 

Surface  level  +53m 
(+173f t) 
Water  seepage  at  +50m 
250 and  200mm  percussion 
September 1982 

LOG 

3299 6862 

Geological  classification  Lithology 

Deanhead Park, Dalkcith Block A 

Overburden 0.2m 
Mineral 2. lm 
Waste 9.8mt 

Thickness Depth 
m m 

Soil 0.2  0.2 

Fluvioglacial  sand  and  gravel  'Very  clayey'  sandy  gravel 2.1 2.3 
Gravel: fine and coarse,  subangular to  rounded, 
sandstone  with  quartzitic  sandstone,  limestone, 
felsite,  chert,  rare  shale,  dolerite and 
greywacke 

subrounded,  quartz  with  rock  and  coal  fragments 

brown ( 5  YR 5/6) 

Sand:  medium,  fine  and  coarse,  subangular  to 

Fines: silt,  disseminated  and  in  seams,  light 

Glaciolacustrine  deposits 

Till 

Silt,  laminated,  micaceous,  containing  sandy seams, 
dark  yellowish  brown (10 YR 4/2) 

Clay,  stony,  stiff,  dark  yellowish  brown (10 YR 4/2) 
to  dusky  yellowish  brown (10 YR 2/2), containing 
angular to  rounded  erratics  of sandstone,  andesite, 
basalt,  felsite,  porphyry  and  limestone 

Clay,  sandy,  stony,  stiff,  moderate  brown (5 YR 3/4) 
with a greyish  red (10 YR 4/2) hue,  containing 
angular  to  subrounded  erratics  of sandstone, 
greywacke,  andesite,  coal and shale 

2.9 5.2 

4.6  9.8 

2.3+  12.1 

Borehole  terminated  owing to obstruction 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel Fines Sand Gravel 

from to 4 +&I+% +%-1 +1-4  +4-16  +16-64 +64 mm 

21 46 33 0.2-  1.2 14 15 18  10 25 18 0 
1.2- 2.3 27 17 21 11 18 6 0 

Mean 21 16 20  10 21  12 0 
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NT 36 NW 342 

S u r f a c e   l e v e l  +64m 

Wate r   s t ruck   (pe rched)  a t  
+61m 
250mm p e r c u s s i o n  
September  1982 

(+211f t )  

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

G l a c i o l a c u s t r i n e   d e p o s i t s  

T i l l  

Carboniferous  (?Upper   Coal  
Measures) 

3253 6773 

Li tho logy  

Lugton, Dalkeith Block A 

Overburden 0.2m 
Mine ra l  3.2m 
Waste 3.0m 
Bedrock 0.9m+ 

Thickness   Depth 
m m 

S o i l  0.2  0.2 

' Clayey '   sandy  grave l  3.2 3.4 
G r a v e l :   c o a r s e   a n d   f i n e   w i t h  some c o b b l e s ,  

s u b a n g u l a r   t o  well rounded,  yellow  and  brown 
s a n d s t o n e s ,   q u a r t z i t i c   s a n d s t o n e ,   f e l s i t e ,  
d o l e r i t e ,   g r e y w a c k e ,   a n d e s i t e ,   q u a r t z i t e ,  
c h e r t ,   p o r p h y r y ,   v e i n - q u a r t z   a n d   r y h o l i t e  

Sand:  medium w i t h   f i n e   a n d   c o a r s e ,   s u b a n g u l a r   t o  
sub rounded ,   qua r t z   w i th   rock   f r agmen t s  

F ines :  s i l t ,  d i s s e m i n a t e d ,   l i g h t  brown 
(5YR 5 /6 )   t o   modera t e  brown (5 YR 4 /3 )  

S i l t ,   l a m i n a t e d ,   g r e y i s h   y e l l o w i s h  brown  (10 YR 5 / 2 ) ,  
c o n t a i n i n g   c l a y   l a m i n a e  

C lay ,   s tony ,   s andy ,   f i rm ,   mo t t l ed   pa l e  brown 
(5 YR 5 / 2 ) ,   c o n t a i n i n g  erratics of   sands tone   wi th  
s h a l e ,   a n d e s i t e ,   c o a l ,   s i l t s t o n e   a n d   d o l e r i t e  

S e a t c l a y ,   c o n t a i n i n g   t h i n  seams of sands tone ,  
w e a t h e r e d ,   s t a i n e d ,   m o t t l e d   p a l e   r e d   ( 5  R 6/21  and 
p a l e   r e d   p u r p l e   ( 5  RP 6/2 ) w i t h   v e r y   p a l e   g r e e n  
(10 G 8 /2 )  p a t c h e s  

Grading  

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

2 .o 5.4 

1 .o 6.4 

0.9+ 7 . 3  

F i n e s  Sand  Gravel  Fines  Sand  Gravel 

f r o m   t o  -& &-% +%-1 +1-4  +4-16  +16-64  +64 mm 

l o  51 39  0.2- 1.0 14  22 18 9 15 22 0 
1.0- 2.0 5 9 23 10 20 26 7 
2.0-  3.4 1 2  11 31  14 19 13 0 

Mean 10 13  26  12 18 1 9  2 
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NT 36 NW 343 

S u r f a c e   l e v e l  +40m 
(+132f t )  
Water n o t   s t r u c k  
250mm p e r c u s s i o n  
September 1982 

LOG 

3259 6703 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  

Ironmills, Dalkeith Block A 

Overburden 1.2m 
Mine ra l  1.9m 
Bedrock 0.3mt 

Thickness   Depth 
m m 

S o i l  0.1 0.1 

Made ground 0.2  0.3 

A 1  l u v i  um Clay ,   s andy ,   con ta in ing  some c o a l   f r a g m e n t s ,   m o d e r a t e  
brown ( 5  YR 4 / 4 )  0.9 1.2 

a 'Very   c layey '   pebbly   sand  0.8 
Grave l :   f i ne   and   coa r se ,   subangu la r   t o   rounded ,  

s a n d s t o n e ,   f e l s i t e ,   a n d e s i t e ,   g r e y w a c k e ,   c o a l  
and   ve in-quar tz  

Sand:   f ine   and  medium w i t h  some c o a r s e ,   a n g u l a r  
t o   s u b r o u n d e d ,   q u a r t z   w i t h   r o c k   a n d   c o a l  
f r agmen t s  

( 5  YR 5 / 6 )   t o   m o d e r a t e  brown ( 5  YR 4 / 4 )  
F i n e s :  s i l t ,  d i s s e m i n a t e d ,   l i g h t  brown 

2.0 

b Grave l  
Grave l :   coa r se   and   cobb le   w i th   f i ne ,   subangu la r  

t o   r o u n d e d ,   r e d   a n d   w h i t e   s a n d s t o n e s ,   a n d e s i t e ,  
b a s a l t ,   f e l s i t e ,   g r e y w a c k e ,   d o l e r i t e ,   c h e r t   a n d  
q u a r t z  

q u a r t z   w i t h   r o c k   f r a g m e n t s  

brown ( 5  YR 4 / 4 )  t o   d a r k   r e d d i s h  brown 

S a n d :   c o a r s e   t o   f i n e ,   a n g u l a r   t o   s u b r o u n d e d ,  

F i n e s :  s i l t  and   c lay ,   d i sseminated ,   modera te  

(10 YR 3 / 4 )  

Carbon i fe rous   ( ?Midd le   Coa l   Sea t rock ,   s i l t -g rade ,   l amina ted ,   g rey   w i th   r ed   and  
M e a s u r e s )   p u r p l e   s t a i n i n g ,   c o n t a i n i n g   r o o t  traces 

1.1 3.1 

0.3+  3.4 

Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

Fines   Sand  Gravel   Fines   Sand  Gravel  

f r o m   t o  4 A-% +%-1 +1-4  +4-16  +16-64  +64 UUB 

a 22 73 5 1.2-  2.0  22 38 31 4 3 2 0 

b 5  25 70  2.0- 3.1  5 7 8 10 12  28  30 

a & b  12 46 42 Mean 1 2   2 1  18 7 8 1 7  1 7  

1 5 2  



NT 36 NW 344 

Surface  level  +34m 
(+112f t) 
Water  not  struck 
250mm  percussion 
September  1982 

LOG 

Geological  classification 

Fluvioglacial  sand  and  gravel 

Till 

3381 6970 

Lithology 

Castle Steads,  Dalkeith Block A 

Overburden 0. lm 
Mineral 2.8m 
Waste 4.lm-k 

Thickness  Depth 
m  m 

Soil 

Sandy 

Silt, 
sand 

0.1 0.1 

gravel 2.8 2.9 
Gravel:  coarse  and  fine  with  some  cobbles, 
subangular to rounded,  brown,  yellow,  white  and 
red  sandstones,  felsite,  greywacke,  dolerite, 
andesite,  quartzite,  coal,  vein-quartz, 
conglomerate  and  chert 

quartz  with  rock  fragments 

moderate  brown ( 5  YR 4 / 4 )  

Sand:  medium  with  fine  and coarse,  subangular, 

Fines:  silt,  disseminated  and  in  rare seams, 

laminated,  containing  seams  of  micaceous  fine 
and coal  fragments,  moderate  brown (5 YR  3/4)  to 

light  brown ( 5  YR 5 / 6 )  0.8 3.7 

Clay,  sandy,  stony,  stiff,  dusky  yellowish  brown 
(10 YR 2/2), containing  seams of laminated  silt  with 
sand  and  pebbles  and  angular  to  subrounded  erratics 
of yellow,  brown,  white  and  red  sandstones, 
greywacke,  andesite,  coal  and  shale 

Clay, sandy,  stony,  stiff,  moderate brown (5 YR 3 / 4 )  
with a reddish hue,  containing  angular to  subrounded 
erratics  of  red  and  white  sandstones,  greywacke, 
felsite,  andesite,  coal  and  shale 

2.4 6.1 

0.9+ 7.0 

Borehole  terminated  owing  to  rock  obstruction 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m)  percentages 

Fines  Sand  Gravel  Fines  Sand  Gravel 

from t o  -k d6-k +%-I +1-4 +4-16  +16-64  +64 mm 

5 48  47 0.1- 1 .7  6  14  24 10 20 19 7 
1 . 7 -  2.9  4 13 2 1  13 2 0  29 0 

Mean  5 14 2 3  11 20 23  4 
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NT 36 NU 345 

Surface  level +48m 

Water  struck  (perched)  at 
+4 6n! 
250 and  200mm  percussion 
September 1982 

(+156f t) 

Geological  classification 

Fluvioglacial sand  and  gravel 

Till 

Carboniferous  (Upper  Coal 
Measures) 

3361  6841 

Lithology 

Steel Park, Dalkeith Block A 

Overburden 0.2m 
Mineral 2. lm 
Waste 14.0m 
Bedrock 0.7mt 

Thickness  Depth 
rn m 

Soil 0.2 0.2 

' Clayey'  sandy  gravel 
Gravel:  fine  and  coarse  with  some  cobbles, 
subangular to rounded,  sandstone,  andesite, 
felsite,  greywacke,  dolerite,  basalt,  chert  and 
vein-quartz 
Sand:  medium  with  fine  and  coarse,  subangular to 
subrounded,  quartz  with  rock  fragments 

Fines: silt, disseminated  in  seams 

Silt, laminated,  containing  clay  seams,  tenacious, 
brownish  grey (5 YR 4/1) 

2.1 2 . 3  

2.1  4.4 

Clay,  stony,  sandy,  firm,  brownish  grey (5 YR 4 / 1 )  to 
greyish  brown (5 YR 4/2) becoming  moderate  brown 
(5  YR 3/4) below 12.0m. Containing  erratics of 
yellow, brown  and  red  sandstones,  andesite,  dolerite, 
basalt,  felsite,  limestone,  coal  and  shale 11.9  16.3 

Sandstone,  fine  grained,  slightly  micaceous,  massive, 
pale  red (5 R 6/2) 0.7+ 17.0 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel  Fines  Sand  Gravel 

from  to -& +kc% +%-1 +1-4 +4-16  +16-64 +64 mm 

18 47 35 0.2- 1.2 9 9 11 13 26 28  4 
1.2- 2.3 26 13 39 7 11 4 0 

Mean 18 11 26 10 18 15  2 
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NT 36 NW 346 3 4 8 3  6936 Smeaton, Inveresk Block A 

Surface  level  +37m 
(+121f t) 
Water  not  struck 
250mm  percussion 
September  1982 

Waste 3 .  Sm 
Bedrock 0.8mf 

LOG 

Geological  classification T,i thology Thickness  Depth 
m m 

Soil 0 . 3  0.3 

Alluvium Clay,  silty,  sandy,  plastic,  micaceous,  containing 
some  coal  debris and  rare  pebbles  of  sandstone  and 
lava,  mottled  medium  grey (N 5)  and  moderate  brown 
(5  YR 4 / 4 )  1 . 2  1.5 

Clay,  stony,  stiff,  moderate brown (5 YR 3 / 4 ) ,  
containing  erratics of sandstone,  greywacke,  lava 
and  vein-quartz 

Ti 11 

2.0 3.5 

Carboniferous  (Middle  Coal 
Measures) 

Coal,  bright  and  dull  banded 0.8+ 4 . 3  

3421 6883 Pickle  Dirt, Dalkeith Block A NT 36 NCJ 347 

Surface  level  +37m 
(+121f t) 
Water  level not  recorded 
250mm  diameter 
September 1982 

Waste 7 .lm 
Bedrock 0.3m+ 

LOG 

Geological  classification Lithology Thickness  Depth 
m  m 

Soil 

'Clayey' gravel 

0.3 0 . 3  

0.9 1.2 Alluvium 
Gravel:  coarse  and  fine,  subangular  to 
subrounded, red  and cream  sandstones, 
greywacke,  andesite,  basalt,  felsite,  chert  and 
vein-quartz 

subrounded,  quartz  with  rock  fragments 

yellowish  brown (10 YR 5 / 4 )  

Sand:  medium,  fine  and  coarse,  subangular  to 

Fines:  silt  and  clay,  disseminated,  moderate 

stony,  stiff,  greyish  brown ( 5  YR 3/2) becoming Till 
dusky  brown (5 YR 2/2),  containing  erratics of 
sandstone,  felsite,  andesite,  dolerite,  coal,  shale 
and  porphyry 5.9 7.1 

0.3+ 7.4 

Carboniferous  (Middle  or  Upper 
Coal  Measures) 

Siltstone,  bedded,  micaceous,  containing  rare  plant 
remains,  medium  dark  grey (N 4 )  to  medium  bluish  grey 
(5 B 5/11 
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NT 36 NW 348 

Surface  level +50.5m 
(+165.6ft) 
Water not  struck 
250 and  200mm  percussion 
September  1982 

LOG 

Geological  classification 

Fluvioglacial  sand  and  gravel 

Glaciolacustrine  deposits 

Till 

Grading 

Mean for Deposit 
percentages 

Fines Sand  Gravel 

--- 
a 5 88 7 

b 8 66 26 

a&b 6 80 1 4  

3435 6782 Thorny Bank, Dalkeith 

Lithology 

Soil 

a  Pebbly  sand 
Gravel:  fine  with  coarse,  mainly  rounded, 
sandstone,  felsite,  andesite,  shale,  greywacke, 
porphyry,  chert  and  vein-quartz 
Sand:  medium  with  fine  and  rare  coarse, 
subangular to rounded,  quartz  and  rock 
fragments 

Fines: silt,  disseminated,  medium  brown 

b  Sandy  gravel 
Gravel:  fine  with  coarse,  as  above  in  shape  and 

Sand:  medium  with  coarse  and  fine,  as  above  in 

Fines:  as  above  in  composition  and  colour 

Silt,  laminated,  micaceous,  containing  seams of fine 

composition 

shape  and  composition 

sand  and  clay  laminae  with  some  coal  debris  and  rare 
pebbles  of  sandstone  and  andesite;  brownish  grey 
(5 YR 4 / 1 )  to  light  grey (N 7) 

Clay,  sandy,  stony,  stiff,  greyish  brown (5 YR 3/2), 
containing  angular to subrounded  erratics of 
sandstone,  andesite,  basalt,  mudstone  and  felsite 

Borehole  terminated  owing  to  rock  obstruction 

Depth below 
surface (m) percentages 

from to 

0.3- 1.3 
1.3-  2.3 

Me an 

2.3- 3.6 

Mean 

Block A 

Overburden 0.3m 
Mineral 3.3m 
Waste 11.4m-t 

Thickness Depth 
m  m 

0.3 0.3 

2 .o 2.3 

1 . 3  3.6 

4.6 8.2 

6.8+ 15.0 

Fines  Sand  Gravel 

4 &-% +%-1 +1-4 +4-16  +16-64 +64 UNII 

3 30 59 3 4 1 0 
6 21 58 6 6 3 0 
5 25 59 4 5  2 0 

8 13 40 13 18 8 0 

6 20 53 7 10 4 0 
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NT 36 NE 306 

S u r f a c e   l e v e l  +131.52m 
(+431.50f t )  
Water s t r u c k   ( p e r c h e d )  a t  
129.6m 
250mm p e r c u s s i o n  
September  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

T i  11 

Carbon i fe rous   (L imes tone   Coa l  
Group) 

Grading 

Mean f o r   D e p o s i t  
p e r c e n t a g e s  

F i n e s  Sand  Gravel 

-___.I___ 

22 65 13  

3861 6544 Oxenfoord Castle, Cranston Block P 

Overburden 0.2m 
Mine ra l  2.8m 
Waste 6.2m 
Bedrock 3.4m-k 

L i tho logy   Th ickness   Dep th  
m m 

S o i l  0.2  0.2 

'Very  c layey '   pebbly  sand 2.8 3.0 
G r a v e l :   f i n e   w i t h   c o a r s e ,   a n g u l a r   t o   r o u n d e d ,  

brown, cream and   g reen   s ands tones ,   w i th  
g r e y w a c k e ,   a n d e s i t e ,   b a s a l t ,   f e l s i t e ,   c o a l ,  
sha l e   and   r a re   p sammi te  

quar tz   and   rock   f ragments  
Sand: f i n e   a n d  medium wi th   coa r se ,   rounded ,  

F i n e s :  s i l t ,  micaceous,  brown 

C l a y ,   s a n d y ,   s t o n y ,   v e r y   s t i f f ,   b r o w n i s h   b l a c k  
(5 YR 2 / 1 )   t o   o l i v e   b l a c k  (5 Y 2/1)  becoming  dusky 
y e l l o w i s h  brown (10 YR 2/2)   below 6.0m, c o n t a i n i n g  
a n g u l a r   t o   r o u n d e d   e r r a t i c s   o f   s a n d s t o n e ,   c o a l ,  
l imes tone ,   andes i te ,   g reywacke   and   ve in-quar tz  6.2  9.2 

Sandstone,   yel low,   weathered  2 .2  11 .4  

Mudstone, s i l t y ,   g r e y i s h   b l a c k  ( N  2 ) ,   c o n t a i n i n g   r a r e  
i rons tone   nodu les ,   wea the red ,   poor ly   bedded  1.2+ 12.6 

3epth  below 
s u r f a c e  ( m )  

f rom  to  

0.2- 1 . 2  
1 . 2 -  2.5 
2.5- 3.0 

Mean 

p e r c e n t a g e s  

F i n e s  Sand Grave l  

4 &-% +%-1 +1-4  +4-16 t16-64  +64 mm 
--__I_---- 

21 30 16  11 16 6 0 
30  36 21 8 4 1 0 s  

3 9 46 30 7 5 o §  
22 28  24 1 3  9 4 0 
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NT 36 NE 307 

Surface  level  +109.2m 
(+358.3ft) 
Water  not  struck 
250mm  percussion 
September  1982 

LOG 

Geological  classification 

Glacial  sand  and  gravel 

Till 

3945 6672 Oxenfoord Mains, Cranston Block F 

Overburden 0.3m 
Mineral 6.5m 
Waste 4.2& 

Lithology  Thickness  Depth 
m  m 

Soil 0.3 0.3 

Gravel 6.5  6.8 
Gravel:  coarse  and  fine  with  cobbles,  angular  to 
well  rounded,  mainly  durable,  brown, red  and 
cream  quartzitic  sandstones  with  limestone, 
greywacke,  dolerite,  felsite,  psammite  and 
vein-quartz 
Sand:  medium  with  fine  and  coarse,  angular  to 
rounded,  quartz  with  rock  fragments 

Fines: silt, medium  brown 

Clay,  sandy,  stony,  very  stiff,  dark  grey (N 3) to 
greyish  black ( N  2), containing  angular to  rounded 
erratics of sandstone,  limestone,  coal,  mudstone  and 
andesite 4.2+ 11.0 

Borehole  terminated  owing  to  slow  progress 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines  Sand  Gravel  Fines  Sand  Gravel 

from to A 4r% +%-1 +1-4  +4-16  +16-64  +64 IMI 

7 42  51 0.3- 1.8  8 9 13  10 21  29 10  
1.8-  2.5  6 10 25 8 1 5   2 4  1 2  
2.5-  3.5 7 1 5  31 7 1 4  18 8 
3.5-  4.5  5 13 26  6 16 29  5 
4.5-  5.5 8 19 22 8 1 5  2 1  7 
5.5- 6.8 5 9 1 5  13 26  32  0 

Mean 7 1 2   2 1  9 18 26 7 
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NT 36 SEJ 250 3005  6252 Shie l  Bridge, Cockpen Block C 

Sur face   l eve l   c t142m 
( c t 4 6 6 f   t )  
Water seepage a t  c+120 m 
250 and 200mm p e r c u s s i o n  
August  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  

Overburden 0.2m 
Mineral   17.  l m  
Waste 0.8m 
Mine ra l  6.9m-F 

Thickness   Depth 
m m 

S o i l  0.2  0.2 

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  a Pebbly  sand 3 .9  4.1 
G r a v e l :   f i n e   w i t h   c o a r s e ,   s u b a n g u l a r   t o  well 

rounded,   red,   yel low,  brown  and w h i t e  
s a n d s t o n e s ,   a n d e s i t e ,   f e l s i t e ,   c o a l ,   s h a l e   a n d  
ve in -qua r t z  

subrounded,   quar tz   wi th  some rock   and   coa l  
f r agmen t s  

( 5  YR 4/4)  

Sand: medium w i t h   f i n e   a n d  some c o a r s e ,  

F ines :  s i l t ,  d i s semina ted ,   modera t e  brown 

T i l l  

b 'Clayey '   sand 
Gravel :  traces o f   f i n e   a n d   c o a r s e ,   s u b a n g u l a r   t o  

r o u n d e d ,   c o a l ,   s h a l e ,   s a n d s t o n e   a n d   f e l s i t e  
Sand: f i n e  and medium w i t h   v e r y  rare c o a r s e ,  

a n g u l a r   t o   s u b r o u n d e d ,   q u a r t z   w i t h   r o c k   a n d  
c o a l   f r a g m e n t s  

seams, moderate  brown  (5 YR 4 /4 )  
F i n e s :  s i l t  w i t h   c l a y ,   d i s s e m i n a t e d   a n d   i n  

C l a y ,   s i l t y ,   s a n d y ,   f i r m ,   l a m i n a t e d ,   c o n t a i n i n g  rare 
p e b b l e s ,   d a r k   y e l l o w i s h  brown (10 YR 4/2)  

c 'Clayey '   sand 
Gravel :   occurs   below 22.2m, c o a r s e   a n d   f i n e ,  

c o a l  
Sand: f i n e   w i t h  some medium a n d   v e r y   r a r e  

c o a r s e ,   r o u n d e d ,   q u a r t z   w i t h   c o a l   d e b r i s  
F ines :  s i l t  w i t h   c l a y ,   d i s s e m i n a t e d   a n d   i n  

seams,  moderate  yellowish brown (10 YR 5/4)  

d 'Very   c layey '   sandy  grave l  
G r a v e l :   c o a r s e   a n d   f i n e ,   a n g u l a r   t o   w e l l  

rounded, brown  and w h i t e   s a n d s t o n e s ,   a n d e s i t e ,  
b a s a l t ,   g r e y w a c k e ,   t u f f ,   s h a l e ,   r a r e   f e l s i t e  
and   ve in-quar tz  

Sand: f i n e   w i t h  medium and some c o a r s e ,   q u a r t z  
and  rock  f ragments  

F ines :  s i l t  and   c lay ,   d i sseminated ,   modera te  
brown (5 YR 4 / 4 ) ,   d e p o s i t   s t i f f  

13.2  17.3 

0.8 18.1 

5.5 23.6 

1.4+  25.0 

1 5 9  



Grading 

Mean f o r   D e p o s i t  
p e r c e n t a g e s  

F i n e s  Sand  Gravel 

a 9  75  16 

b 11 8 9  0 

C 10 88  2 

d 20  52  28 

b&c 10 90 0 

a-c 10 87  3 

a-d 11 84  5 

Depth  below 
s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand Grave l  

f r o m   t o  -% +&-% +%-1 +1-4 +4-16 +16-64  +64 IIUTI 

0.2-  1.2 5  17 52 9 11 6 0 
1.2- 2.2 7  17 51  7 11 7 0 
2.2-  3.2 9  19 50  5 9 8 0 
3.2-  4.1 1 4  37 36  4 6 3 0 

Mean 9  22 47 6 10 6 0 

4.1- 5.1 
5.1-  6.1 
6.1- 7.1 
7.1- 8.1 
8.1- 9.2 
9.2-10.2 

10.2-11.2 
11.2-12.2 
12.2-13.2 
13.2-14.2 
14.2-15.2 
15.2-16.2 
16.2-17.3 
Mean 

7 
6 
7 
6 

19 
8 

14  
7 

11 
9 

12  
1 4  
1 6  
11 

33 
42 
49 
65  
58 
62 
59 
68 
17 
27 

26 
31 
44 

28 

54 
51  
44 
29 
23 
30  
25 
25 
71  
63  
58 
57 
49 
44 

3 
1 
0 
0 
0 
0 
1 
0 
1 
1 
2 
3 
4 
1 

2 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 ** 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 ** 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

18.1-19.1 11 77 1 2  0 0 0 0 
19.1-20.1 7 81 1 2  0 0 0 0 
20.1-21.1 8 39 53 0 0 0 0 
21.1-22.2 7  53 39 1 0 0 0 
22.2-23.6 1 5   6 6  8 5 2  4 0 
Mean 10 62 24  2 1 1 0 

23.6-25.0  20  26  17  9 1 3  1 5  0 

Mean 10 51 38 1 **  ** 0 

Mean 10 45  40  2  2 1 0 

Mean 11 43  38 3 3  2 0 

NT 36 SW 251 3236 6313 Millholm, Cockpen Block G2 

S u r f a c e   l e v e l  d-70m 
(c+230f t )  
Water n o t   s t r u c k  
P i t  
June  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  

Waste 1.7m 
Bedrock 0 .  In+ 

Thickness   Depth 
m m 

S o i l  0.3 0.3 

Alluvium S i l t ,   c l a y e y ,   s a n d y ,   p e b b l y ,   s o f t ,  medium brown, 
con ta in ing   f i ne   subangu la r   qua r t z   s and   and   rounded  
pebbles   o f   sands tone ,   ve in-quar tz   and   coa l   1 .4  1.7 
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NT 36 SW 252 

Surface  level  d-83m 
(c+27  2f t) 
Water  not  struck 
250mm  percussion 
September 1982 

LOG 

3229 6297 

Geological  classification  Lithology 

Millholm, Cockpen 

Overburden 0.3m 
Mineral 1. Om 
Waste 2.6m-t- 

Thickness  Depth 
m  m 

Soil 0.3  0.3 

Till 'Very  clayey' gravel 
Gravel:  coarse  with  fine  and  cobbles,  subangular 
to rounded,  red,  cream  and  orange  sandstones, 
with  dolerite,  andesite,  basalt,  greywacke, 
siltstone,  shale  and  vein-quartz 
Sand:  fine  and  medium  with coarse,  angular  to 
subrounded,  quartz  with  rock  fragments 

Fines:  silt  and  clay,  disseminated,  mottled, 
mainly  moderate  brown (5 YR 4 / 4 ) ,  deposit  firm 

Clay,  stony,  firm  becoming  stiff,  pale  brown 
( 5  YR 5/2)  becoming  brownish  grey (5 YR 3/1)  at  2.0m, 
containing  erratics of sandstone  with  greywacke, 
coal,  felsite  and  dolerite 

1 .o 1.3 

2.6+ 3.9 

Borehole terminated  owing  to  rock  obstruction 

Grading 

Mean  for  Deposit Depth  below 
percentages surface (m) percentages 

Fines Sand  Gravel  Fines  Sand  Gravel 

from to 4 &-% +%-1 +1-4 +4-16  +16-64 +64 IINII 

20 34 46 0.3-  1.3 20 14  13 7 8 28 10 

L 



NT 36 SW 253 3248  6094 Carrington Barns, Carrington Block E 

8.9mt Waste Surface  level  +132.90m 
(+436.02f t) 
Water  not  struck 
250mm  percussion 
August 198 2 

LOG 

Geological  classification  Lithology Thickness  Depth 
m m 

Soil 0.5  0.5 

Fluvioglacdal  sand  and  gravel  Sand,  silty,  moderate  brown (5  YR  4/4)  to moderate 
yellowish  brown (10 YR  5/4),  comprising  fine 
subrounded  quartz  grains  with  coal  fragments  and  silt 
in  seams  and  disseminated 0.4 0.9 

0.3  1.2 
Silt, clayey,  sandy,  laminated,  soft to firm,  moderate 
brown (5 YR 4/4) 

Till Clay,  silty,  sandy,  stony,  hard to stiff,  moderate 
brown,  containing  angular  to  subrounded  erratics of 
sandstone,  coal,  felsite,  greywacke,  andesite, 
mudstone and  vein-quartz  and  pieces  of  the  underlying 
silty  clay  deposit 1 .o 2.2 

0.8 3.0 
Glaciolacustrine  deposits 

Till 

Clay,  silty,  laminated,  tenacious,  greyish  brown 
(5 YR 3/2)  to  greyish  red  (5 R 4/2) 

Clay,  stony,  stiff,  greyish  red (5  R 4/2)  becoming 
greyish  brown (5 YR 3/2)  below  3.8m, containing 
erractics  of  greywacke,  sandstone,  dolerite, 
vein-quartz,  andesite,  coal,  limestone  and  quartzite 5.9+ 8 . 9  

Borehole  terminated  owing to a  limestone  obstruction 

NT 36 SE 519 Block P 3634  6047 Wrights &uses, brthwick 

Surface  level +212.6m 
(+697.5f t) 
Water  not  struck 
250m percussion 
July  1982 

Overbuden 1.0m 
Mineral 1. Om 
Bedrock 2.7mt 

I 

LOG 

Geological  classification  Lithology Thickness  Depth 
m  m 

Soil 0.4 0.4 

Till Clay,  sandy,  stony,  firm,  mottled,  mainly  greyish 
brown (5 YR 4 / 2 ) ,  containing  angular  to  subangular 
erratics  mainly  composed of sandstone 0.6 1 .o 

1 .o 2 .o 'Very  clayey'  sandy  gravel 
Gravel: fine and  coarse,  angular  to  subangular, 
predominantly  cream  and  yellow  sandstones,  with 
a trace  of coal 

subangular to subrounded,  quartz  and  rock 
fragments 

(5 YR 5/6) 

Sand: fine  with  some  coarse  and  medium, 

Fines:  silt  and  clay,  disseminated,  light  brown 

Carboniferous  (Calciferous 
Sandstone  Measures) 

Sandstone,  fine  grained,  thinly  bedded,  micaceous, 
containing  carbonaceous  partings,  orange-brown 2.7+  4.7 
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Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

Fines   Sand  Gravel   Fines   Sand  Gravel  

f r o m   t o  4 &f+% +%-1 +1-4  +4-16 +16-64  +64 mm 
--- ------- 
25 48 27 1.0- 2.0  25 30 8 10   16  11 0 

NT 36 SE 520 

S u r f a c e   l e v e l  +174.9m 
(+573.8f t )  
Groundwater  level  +168.lm 
250  and 200mm p e r c u s s i o n  
J u l y  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

G l a c i o l a c u s t r i n e   d e p o s i t s  

T i l l  

G l a c i a l   s a n d   a n d   g r a v e l  

G l a c i o l a c u s t r i n e   d e p o s i t s  

3778 6309 Vogrie House, Borthwick 

L i t h o l o g y  

~~~~ ~~ ~~ ~~ 

S o i l  

a 'Clayey'   sand 
G r a v e l :   f i n e   a n d   c o a r s e ,   s u b a n g u l a r   t o   r o u n d e d ,  

sands tone   and   greywacke   wi th   ve in-quar tz ,   g r i t ,  
f e l s i t e   a n d   d o l e r i t e  

s u b a n g u l a r   t o   s u b r o u n d e d ,   q u a r t z   w i t h   f e l d s p a r ,  
mica and  rock  f ragments  

F i n e s :  s i l t ,  d i s s e m i n a t e d   a n d   i n  seams, l i g h t  
brown (5 YR 5 / 4 )   t o   m o d e r a t e   y e l l o w i s h  brown 
(10  YR 5 / 4 )  

Sand: medium a n d   f i n e   w i t h  rare c o a r s e ,  

S i l t ,   s a n d y ,   l a m i n a t e d ,   w i t h   c l a y   p a r t i n g s ,   m i c a c e o u s ,  
moderate  brown (5 YR 4 / 4 )  

C lay ,   s andy ,   s tony ,   f i rm ,   l i gh t   b rowni sh   g rey  
(5  YR 5/1)  becoming  brownish  grey  (5 YR 3 /1) ,  
c o n t a i n i n g   s u b a n g u l a r  e r ra t ics  of   sands tone ,  
v e i n - q u a r t z ,   q u a r t z i t e ,   b a s a l t ,   f e l s i t e ,   l i m e s t o n e  
a n d   c o a l  

b Pebbly  sand 
G r a v e l :   f i n e   a n d   c o a r s e   w i t h  rare c o b b l e s ,  

angu la r   t o   rounded ,   s ands tone   w i th   g reywacke ,  
l i m e s t o n e ,   f e l s i t e ,   a n d e s i t e ,   d o l e r i t e   a n d  
ve in-quar tz  

s u b a n g u l a r   t o   r o u n d e d ,   q u a r t z   w i t h   c o a l ,  
f e ldspa r   and   rock   f r agmen t s  

(5  YR 5 / 1 )  

Sand: medium w i t h   f i n e   a n d  some c o a r s e ,  

F i n e s :  s i l t ,  d i s s e m i n a t e d ,   l i g h t   b r o w n i s h   g r e y  

c 'Very  c layey '   sand 
Gravel :  t race of f i n e ,   a n g u l a r   t o   s u b a n g u l a r ,  

S a n d :   f i n e   w i t h  some  medium and rare c o a r s e ,  
s a n d s t o n e ,   g r e y w a c k e   a n d   f e l s i t e  

s u b a n g u l a r  t o  sub rounded ,   qua r t z   w i th   coa l   and  
some f e l d s p a r  

brownish   g rey  ( 5  YR 5 / 1 )  
F i n e s :  s i l t ,  d i s s e m i n a t e d   a n d   i n  seams, l i g h t  

S i l t ,   l a m i n a t e d ,   c o n t a i n i n g  seams of   E ine   s and ,   c l ay  
l aminae   and   coa l   deb r i s ,   b rowni sh   g rey  (5 YR 4 /1)  

Block P 

Overburden 0.6m 
M i n e r a l  4.7m 
Waste 7.6m 
M i n e r a l  5- 3m 
Waste 2.lm 
M i n e r a l  2. Imi- 

Thickness   Depth 
m m 

0.6 0.6 

4.7 5.3 

2.4 

5.2 

2.3 

7.7 

12.9 

15.2 

3.0  18.2 

2.1  20.3 
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LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n   L i t h o l o g y  Thickness   Depth 
m m 

T i l l  d Sandy  grave l  2.1+ 22 .4  
G r a v e l :   c o a r s e   w i t h   f i n e   a n d  rare c o b b l e s ,  

sub rounded ,   s ands tone ,   g reywacke ,   qua r t z i t e ,  
b a s a l t ,   v e i n - q u a r t z ,   a n d e s i t e ,   d o l e r i t e ,  
p o r p h y r y ,   l i m e s t o n e ,   c h e r t   a n d   i r o n s t o n e  

Sand:  medium, f i n e   a n d   c o a r s e ,   a n g u l a r   t o  
rounded ,   quar tz   and   rock   f ragments   wi th  
f e l d s p a r  

F ines :  s i l t  and   c l ay ,   d i s semina ted ,   modera t e  
y e l l o w i s h  brown (10 YR 5 / 4 )  t o   d a r k   y e l l o w i s h  
brown (10 YR 4 / 2 ) .  Much o f   f i n e s  l o s t  as a 
r e s u l t   o f   d r i l l i n g   a c t i o n  

Boreho le   t e rmina ted   owing   t o   s low  p rogres s  

Grading 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel  Fines  Sand  Grave 1 

f rom  to  -% +k,% +%-1 +1-4  +4-16  +16-64  +64 IWI 

a 11 8 5  4 0.6-  1.6 5 38  55 1 1 0 0 
1.6-  2.7 5 34   53  1 2 5 0 
2.7-  3.7  12  31  51 2 3 1 0 
3.7-  4.3 8 25  59  3 4 1 o s  
4.3-  5.3 27 63 9 0 1 0 0 4  

Mean 4 1  39  45 1 2 2 0 

b 7 7 2   2 1  

C 22   78  0 

d 6 53 41  

12.9-13.9 5 1 5  2 2   1 4  21   23  o s  
13.9-15.2 8 34 52 4 2 0 O B  
Mean 7 25  38 9 11 10 0 

15.2-16.2 2 1  58 2 0  1 0 '  0 o s  
16.2-17.2 1 8   7 0  11 1 0 0 0 s  
17.2-18.2 26   68  6 0 0 0 o s  
Mean 22  65 1 2  1 ** 0 0 

20.3-21.6 5 1 2  21 11 18 3 0  3 §  
21.6-22.4 9 27 28 11 1 3   1 2  o s  
Me an  6 18 2 4  11 1 6   2 3  2 

a&b 10 8 1  9 Mean 10 35  42 4 5 4 0 

.# a-c 13 8 1  6 Mean 1 3   4 4   3 4  3 3 3 0 

a-d 1 2   7 5   1 3  Me an  12  39  32 4 6 7 ** 

1 6 4  



NT 36 SE 521 3750 6135 Hagbrae, Borthwick Block F 

S u r f a c e   l e v e l  +191.4m 

Water s t r u c k   ( p e r c h e d )   a t  
+179 .   lm  
250  and 200mm p e r c u s s i o n  

(+628.0ft) 

J u l y   1 9 8 2  

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

T i l l  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

T i l l  

Grading 

Mean f o r   D e p o s i t  
p e r c e n t a g e s  

F i n e s  Sand  Gravel 

--- 
a 19  81 0 

b 17 39 44 

a&b 19  69 12 

L i t h o l o g y  

S o i l  

C lay ,   ve ry   s andy ,   s tony ,   f i rm ,   mo t t l ed   g rey i sh  brown 
( 5  YR 4 / 2 ) ,  c o n t a i n i n g   s u b a n g u l a r   t o   s u b r o u n d e d  
errat ics  o f   s a n d s t o n e   w i t h   c o a l   a n d   d o l e r i t e  

a 'Clayey '   sand 
G r a v e l :   t r a c e   o f   f i n e ,  s u b r o u n d e d ,   a n d e s i t e ,  

sandstone,   greywacke,  che r t   and   ve in -qua r t z  
Sand: f i n e   w i t h  some medium a n d   t r a c e   o f  

c o a r s e ,   s u b a n g u l a r   t o   s u b r o u n d e d ,   q u a r t z   w i t h  
some fe ldspa r   and   rock   f r agmen t s  

brown (10 YR 5 / 4 )  
F i n e s :  s i l t ,  d i s semina ted ,   modera t e   ye l lowish  

b ' C l a y e y '   g r a v e l  
G r a v e l :   c o a r s e   w i t h   f i n e   a n d   c o b b l e s ,   s u b a n g u l a r  

t o   sub rounded ,   r ed   and   ye l low  sands tones ,  
d o l e r i t e ,   f e l s i t e ,   a n d e s i t e ,   i r o n s t o n e ,   c o a l  
and   ve in-quar tz  

s u b a n g u l a r ,   q u a r t z ,   f e l d s p a r   a n d   r o c k   f r a g m e n t s  

t h i n  seams, moderate  brown (5  YR 4 / 4 )  

Sand: f i n e   w i t h  medium and some c o a r s e ,  

F i n e s :  s i l t  and   c l ay ,   d i s semina ted   and   i n  some 

C l a y ,   s a n d y ,   s t o n y ,   f i r m   t o   s t i f f ,   m o d e r a t e  brown 
( 5  YR 4 / 5 ) ,  c o n t a i n i n g   e r r a t i c s  of orange   sands tone  
w i t h   b a s a l t  

B o r e h o l e   t e r m i n a t e d   o w i n g   t o   r o c k   o b s t r u c t i o n  

Depth  below 
s u r f a c e  (m) p e r c e n t a g e s  

Overburden 2.4m 
M i n e r a l  3.6m 
Waste 6.8mt 

Thickness   Depth  
m m 

0.2 0.2 

2.2 2 .4  

2.6 5.0 

1.0 6.0 

6.8+ 12.8 

F i n e s  Sand Grave l  

f r o m   t o  4 6  4 6 - %  +%-1 +1-4 +4-16 +16-64 +64 IMI 

--__I_-__.__-- 

2.4- 3.6 8 7 7  1 5  0 0 0 0 
3.6- 5.0 29 66 5 0 0 0 0 

Mean 19 7 2  9 ** ** 0 0 

5.0- 6.0 17 25 9 5 10 19  1 5  

Mean 19 59 9 1 3 5 4 
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NT 36 SE 522 3883  6355 Turniedgkes,  Crichton Block P 

S u r f a c e   l e v e l  +151.9m 
(+498.4f t )  
Water  seepage a t  +145.lm 
250mm p e r c u s s i o n  
September  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

T i  11 

C a r b o n i f e r o u s  (Lower  Limestone 
Group) 

Waste 6.8m 
Bedrock 0.4ml- 

Li tho logy   Th ickness   Dep th  
m m 

S o i l  0.6 0.6 

'Very   c layey '   sandy  grave l  0.6 1 . 2  
G r a v e l :   c o a r s e   w i t h   f i n e   a n d   c o b b l e s ,   s u b a n g u l a r  

t o   r o u n d e d ,   s a n d s t o n e ,   g r e y w a c k e ,   a n d e s i t e ,  
l i m e s t o n e ,   c o a l   a n d   q u a r t z  

Sand: f i n e   w i t h  medium a n d   c o a r s e ,   a n g u l a r   t o  
rounded ,   quar tz   and   rock   f ragments  

F ines :  s i l t ,  disseminated,   moderate   brown 

Clay ,   sandy,   s tony ,   f i rm,   modera te  brown (5 YR 4 / 4 ) ,  
c o n t a i n i n g   e r r a t i c s  of s ands tone   and   coa l  0.5 1.7 

'Very   c layey '   sandy  grave l  0.7 2.4 
G r a v e l :   f i n e   a n d   c o a r s e ,   a n g u l a r   t o   s u b r o u n d e d ,  

s a n d s t o n e   w i t h   a n d e s i t e ,   g r e y w a c k e ,   l i m e s t o n e ,  
coa l   and   ve in -qua r t z  

Sand: f i n e   w i t h  some medium a n d   c o a r s e ,   a n g u l a r  
t o   r o u n d e d ,   q u a r t z   a n d   r o c k   f r a g m e n t s  

F ines :   c l ay   and  s i l t ,  d i s s e m i n a t e d ,  brown 

C l a y ,   s a n d y ,   s t o n y ,   s t i f f ,   g r e y - b r o w n ,   c o n t a i n i n g  
e r r a t i c s  of s a n d s t o n e ,   d o l e r i t e ,   a n d e s i t e ,   l i m e s t o n e ,  
coa l   and   ve in -qua r t z  4.4 6.8 

S e a t r o c k ,   m a s s i v e ,   w i t h   f i n e   r o o t  casts,  p a l e   g r e y ;  
a n d   s a n d s t o n e ,   f i n e   g r a i n e d ,   p a l e   g r e y ,   w i t h  
carbonaceous  mudstone  laminae 0.4+ 7.2 
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NT 36 SE 523 3837  6199 Play Hill, Crichton Block P 

S u r f a c e   l e v e l  +195.lm 
(+640. If t )  
Water seepage a t  +191.6  and 
+180.6m 
250  and 200mm p e r c u s s i o n  
J u l y  1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

T i l l  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

Ca rbon i fe rous  (Lower  Limestone 
Group) 

Overburden 2. Om 
Mine ra l  12.5m 
Bedrock 2.Om-b 

Li thology  Thickness   Depth  
m m 

S o i l  0.3 0.3 

C l a y ,   s t o n y ,   s t i f f ,   m o d e r a t e  brown,  (5 YR 4 / 4 ) ,  
c o n t a i n i n g   s u b a n g u l a r   t o   s u b r o u n d e d   e r r a t i c s   o f  
s ands tone   and   andes i t e  1 . 7  2.0 

a ' Very clayey '   sand  5 .5   7 .5  
Grave l :   f i ne   and   coa r se ,   sub rounded ,   s ands tone  

w i t h   g r e y w a c k e ,   d o l e r i t e ,   a n d e s i t e ,  
v e i n - q u a r t z ,   f e l s i t e   a n d   c o a l  

Sand: f i n e   w i t h  some medium a n d   r a r e   c o a r s e ,  
s u b a n g u l a r   t o   s u b r o u n d e d ,   q u a r t z ,   f e l d s p a r ,  
rock   and   coa l   f ragments  

F i n e s :  s i l t ,  d isseminated   and  i n  rare seams, 
modera te   ye l lowish  brown (10 YR 5 / 4 )  

h Sandy  grave l  
G r a v e l :   f i n e   w i t h   c o a r s e ,   a n g u l a r   t o   r o u n d e d ,  

sandstone  and  greywacke  with  mudstone, 
v e i n - q u a r t z ,   a n d e s i t e ,   f e l s i t e ,   c h e r t ,   b a s a l t  
and   coa l  

Sand: medium and f i n e   w i t h   c o a r s e ,   s u b a n g u l a r   t o  
subrounded,   quar tz ,   coa l   and   rock   f ragments  

F i n e s :  s i l t  and   c l ay ,   d i s semina ted ,   modera t e  
brown (5 YR 3 /4 )  

c 'Clayey '   pebbly  sand 
G r a v e l :   f i n e   w i t h   c o a r s e ,   s u b a n g u l a r   t o  

Sand: f i n e   w i t h  medium and some c o a r s e ,   a s   a b o v e  

F i n e s :  s i l t  and   c lay ,   d i sseminated   and   in   seams,  

subrounded, as  a b o v e   i n   c o m p o s i t i o n  

in   shape   and   composi t ion  

modera te   ye l lowish  brown (10 YR 5 /4 )  

Mudstone, s i l t y ,  medium to   da rk   g rey ,   wea the red  a t  
s u r f   a c e  

2.0  9.5 

5.0 14.5 

2 .  o+ 16.5 
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G r a d i n g  

Mean fo r   Depos i t  Depth below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel  Fines  Sand  Gravel 

from t o  4 +kc% +%-1 +1-4 +4-16 +16-64  +64 IMI 

a 28 7 0  2  2.0- 3.0 12  68 20 0 0 0 0 
3.0- 4.0  33  53 11 1 1 1 0 
4.0- 5.0 18 50 27  4 1 0 0 
5.0- 6.0  33 60 7 0 0 0 0 
6.0- 7.5 38 52  5 1 2 2 0 

Me an 28 56 1 3  1 1 1 0 

b 7 53 40  7 .5-   8 .5 10 26 22 10 17 1 5  0 
8.5- 9.5 4 1 2  2 4  1 3  31 16  0 

Mean 7 19  2 3  11 2 4  1 6  0 

C 1 4  81 5 9.5-10.5 2 1  49 1 5  4 8 3 0 
10.5-11.5 1 2  70  17 1 0 0 0 
11.5-12.5 11 3 0  4 2   1 2  5 0 0 
12.5-13.5 13 36 35 10 5 1 0 
13.5-14.5 1 6  53 22 3 4 2 0 
Me an 1 4  49 26 6 4 1 0 

a & c  21 7 5  4 Mean 2 1  53 19 3 3 1 0 

a-c 19 7 2  9 Mean 19  47  20 5 6 3 0 



NT 36 SE 524 

S u r f a c e   l e v e l  +140.2m 
(+460.0ft) 
Water s t r u c k  a t  +133.7m 
250mm p e r c u s s i o n  
September 1982 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

3972 6492 Bluehouse, Cranston Block P 

Overburden 0.4m 
M i n e r a l  2.2m 
Waste 3.5m 
Bedrock 1.2mt 

T i l l  

3.5 6.1 

Carboni ferous   (Limes tone   Coal  
Group) 

L i tho logy   Th ickness   Dep th  
m m 

S o i l  0.4 0.4 

Gravel  2.2 2.6 
G r a v e l :   c o a r s e   a n d   f i n e   w i t h   c o b b l e s ,   a n g u l a r  t o  
well rounded,   sandstone  with  greywacke,  
a n d e s i t e ,   v e i n - q u a r t z ,   f e l s i t e ,   c h e r t   a n d   c o a l  

Sand:  medium, c o a r s e   a n d   f i n e ,   a n g u l a r   t o  
subrounded,   quar tz   and   rock   f ragments  

F ines :  s i l t ,  micaceous,  medium  brown 

C l a y ,   s a n d y ,   s t o n y ,   s t i f f ,   o l i v e   b l a c k  (5 Y 2 /1 )  t o  
brownish  grey ( 5  YR 4/1), c o n t a i n i n g  errat ics  of  
sands tone ,   g reywacke ,   muds tone   and   andes i te  

C o a l ,   s p l i n t y ,   m a i n l y   d u l l ,   c o n t a i n i n g  some c o a l y  
mudstone 

C o a l ,   s p l i n t y ,   d u l l   w i t h  some b r i g h t   r i b s  

Grading 

Mean f o r   D e p o s i t  
p e r c e n t a g e s  

F i n e s  Sand  Gravel 

3  34  63 

1 3epth  below 
s u r f a c e  (m) p e r c e n t a g e s  

1.1  7.2 

0.1+ 7.3 

F i n e s  Sand Grave l  

f r o m   t o  4 +kc% +%-1 +1-4  +4-16  +16-64  +64 

0.4-  1.4 5 12 1 5  13 26  29 0 
1.4- 2.6 2 8 11 10 20  25  24 

Mean 3 10 13 11 23 27 13 

1.69 



APPENDIX P 

ANCILLARY BOREHOLE RECORD 

NT SE 23 1 

S u r f a c e   l e v e l   n o t  known 
Groundwater   l eve l  12.8m below 
s u r f a c e   l e v e l  
S h e l l   a n d   a u g e r  
June 1967 

LOG 

G e o l o g i c a l   c l a s s i f i c a t i o n  

F l u v i o g l a c i a l   s a n d   a n d   g r a v e l  

Grading 

2293 5963 

L i t h o l o g y  

Bog Wood, Penicuik Block C 

Overburden 0.3m 
Mine ra l  15.0m-t 

Thickness   Depth  
m  m 

S o i l  0.3 0.3 

a Gravel  9.8 10.2 
Grave l :   coa r se   and   f i ne   w i th   cobb les   be low 3.0m 
Sand 
F i n e s :  s i l t  

b Sand 
Sand: f i n e   t o  medium,  brown 

5.1+ 15.3 

Mean f o r   D e p o s i t  Depth  below 
p e r c e n t a g e s  s u r f a c e  (m) p e r c e n t a g e s  

F i n e s  Sand  Gravel   Fines   Sand  Gravel  

from t o  4 6  *6-% +%-I. +1-4  +4-16  +16-64  +64 IIUU 

--__I_ ------- 
1 40  59 0.3- 2.1 2  4 22 21 22 26 3 

2.1- 8.2 1 4 17 1 7  23 22 16 
8.2-10.2 No g r a d i n g   d a t a   a v a i l a b l e  

Mean 1 4 18 18  23  23 13 
No g r a d i n g   d a t a   a v a i l a b l e  f o r  t h i s   d e p o s i t  
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The following  reports  of the  Institute  relate  particularly to 
bulk  mineral  resources 

Reports of the  Institute of Geological  Sciences 
Assessment of British  Sand and Gravel  Resources 
1 The  sand  and gravel  resources  of the  country  south-east 
of  Norwich,  Norfolk:  Resource  sheet TG 20. 
E. F. P. Nickless. 
Report  71/20  ISBN 0 11  880216 X E1.15 
2 The  sand  and  gravel  resources  of  the  country  around 
Witham, Essex: Resource  sheet TL 81. H.  J .   E.  Haggard. 
Report  72/6  ISBN 0 11  880588 6 E1.20 
3 The  sand  and  gravel  resources  of  the  country  south  and 
west of  Woodbridge,  Suffolk:  Resource  sheet  TM 24. 
R.  Allender and S. E.Hollyer. 
Report  72/9  ISBN 0 11 880596 7 E1.70 
4 The  sand  and gravel  resources  of the  country  around 
Maldon, Essex: Resource  sheet TL 80. J.  D. Ambrose 
Report 73/1  ISBN 0 11 880600 9 E1.20 
5 The  sand  and  gravel  resources  of  the  country  around 
Hethersett,  Norfolk:  Resource  sheet TG 10. 
E.  F.  P. Nickless. 
Report  73/4  ISBN 0 11 880606 8 E1.60 
6 The  sand  and  gravel  resources  of  the  country  around 
Terling,  Essex:  Resource  sheet TL 71. C. H.  Eaton. 
Report  73/5  ISBN 0 11  880608 4 E1.20 
7 The sand  and  gravel  resources of the  country  around 
Layer  Breton and  Tolleshunt  D’Arcy,  Essex:  Resource  sheet 
TL 91 and  part 90. J.  D.  Ambrose. 
Report  73/8  ISBN 0 11  880614 9 E1.30 
8 The  sand  and  gravel  resources  of  the  country  around 
Shotley and Felixstowe,  Suffolk:  Resource  sheet TM 23. 
R. Allender and S. E.  Hollyer. 
Report  73/13  ISBN 0 11  880625 4 E1.60 
9 The  sand  and gravel  resources  of the  country  around 
Attlebridge,  Norfolk:  Resource  sheet TG 11. 
E. F. P. Nickless. 
Report  73/15  ISBN 0 11  880658 0 E1.85 
10 The  sand  and  gravel  resources of the  country west of 
Colchester,  Essex:  Resource  sheet TL 92. J.  D. Ambrose. 
Report 74/6  ISBN 0 11  880671 8 E1.45 
11 The  sand  and  gravel  resources  of  the  country  around 
Tattingstone,  Suffolk:  Resource  sheet  TM 13. S. E. Hollyer. 
Report  74/9  ISBN 0 11  880675 0 E1.95 
12 The  sand  and  gravel  resources  of  the  country  around 
Gerrards  Cross,  Buckinghamshire:  Resource  sheet SU 99, 
TQ 08,  09. H.  C.  Squirrell. 
Report  74/14  ISBN 0 11 880710 2 E2.20 

Mineral  Assessment  Reports 
13 The  sand  and gravel  resources of the  country east  of 
Chelmsford,  Essex:  Resource  sheet TL 70.  M. R.  Clarke. 
ISBN 0 11  880744 7 E3.50 
14 The  sand  and gravel  resources  of the  country east  of 
Colchester,  Essex:  Resource  sheet  TM 02. J. D.  Ambrose. 
ISBN 0 1  1 880745 5 E3.25 
15 The  sand  and  gravel  resources  of  the  country  around 
Newton on  Trent, Lincolnshire:  Resource  sheet SK 87. 
D.  Price. 
ISBN 0 11  880746 3 E3.00 
16 The  sand  and gravel  resources  of the  country  around 
Braintree, Essex: Resource  sheet TL 72. M.  R.  Clarke. 
ISBN 0 11  880747 1 E3.50 
17 The  sand  and gravel  resources  of the  country  around 
Besthorpe,  Nottinghamshire:  Resource  sheet SK 86 and 
part 76. J. R.  Gozzard. 
ISBN 0 11  880748 X E3.00 
18 The  sand  and  gravel  resources  of  the  Thames  Valley, 
the  country  around  Cricklade, Wiltshire:  Resource  sheet 
SU 09,  19 and  parts  SP 0 0 ,  10. P  R. Robson. 
ISBN 0 1  1 880749 8 E3.00 

19 The  sand  and gravel  resources  of the  country  south  of 
Gainsborough, Lincolnshire:  Resource  sheet SK  88 and 
part 78. J .H. Lovell. 
ISBN 0 11 880750 1 E2.50 
20 The  sand  and gravel  resources  of the  country east of 
Newark upon  Trent,  Nottinghamshire: Resource  sheet SK 85. 
J: R. Gozzard. 
ISBN 0 11  880751 X E2.75 
21 The  sand  and  gravel  resources  of  the  Thames  and 
Kennet  Valleys, the  country  around  Pangbourne, Berkshire: 
Resource  sheet SU 67. H.  C. Squirrell. 
ISBN 0 11 880752 8 E3.25 
22 The  sand  and gravel  resources  of the  country  north-west 
of Scunthorpe,  Humberside:  Resource  sheet  SE 81. 
J .  W.  C.  James. 
ISBN 0 11  880753 6 E3.00 
23 The  sand  and gravel  resources of the  Thames  Valley, 
the  country between  Lechlade and  Standlake:  Resource  sheet 
SP 30 and  parts  SP 20, SU 29, 39. P.  Robson. 
ISBN 0 11 881252 1 E7.25 
24 The  sand  and gravel  resources  of the  country  around 
Aldermaston, Berkshire:  Resource  sheet SU 56, 66. 
H.  C. Squirrell. 
ISBN 0 11  881253 X E5.00 
25 The celestite resources  of the  area  north-east  of  Bristol: 
Resource  sheet ST 68 and  parts 59,  69,  79,  58,  68,  78,  77. 
E. F. P .  Nickless, S. J.  Booth  and P. N.  Mosley. 
ISBN 0 11  881262 9 E5.00 
26 The  sand  and gravel  resources  of the  country  around 
Monyash,  Derbyshire:  Resource  sheet SK 16. F. C.  Cox 
and D. McC.  Bridge. 
ISBN 0 11 881263 7 f7.00 
27 The  sand  and gravel  resources  of the  country west and 
south of  Lincoln,  Lincolnshire:  Resource  sheets SK  95 and 
part 96, and SK 97 and  part 96. I.  Jackson. 
ISBN 0 11  884003 7 E6.00 
28 The  sand  and gravel  resources  of the  country  around 
Eynsham,  Oxfordshire:  Resource  sheet SP 40 and  part 41,. 
W.  J.  R. Harries. 
ISBN 0 11 884012 6 E3.00 
29 The  sand  and gravel  resources  of the  country  south-west 
of Scunthorpe,  Humberside:  Resource  sheet  SE  80. 
J.  H. Lovell. 
ISBN 0 11  884013 4 E3.50 
30 Procedure  for  the assessment  of  limestone  resources. 
F. C.  Cox,  D.  McC. Bridge and  J.  H.  Hull. 
ISBN 0 11 884030 4 E1.25 
31 The  sand  and gravel  resources  of the  country west of 
Newark upon  Trent,  Nottinghamshire: Resource  sheet SK 75. 
D. Price  and P.   J .  Rogers. 
ISBN 0 11 884031 2 E3.50 
32 The  sand  and gravel  resources  of the  country  around 
Sonning  and  Henley, Berkshire,  Oxfordshire  and 
Buckinghamshire:  Resource  sheet SU 77, 78. 
H. C.  Squirrell. 
ISBN 0 11 884032 0 E5.25 
33 The  sand  and gravel  resources  of the  country  north  of 
Gainsborough, Lincolnshire:  Resource  sheet SK 89. 
J. R. Gozzard  and  D.  Price. 
ISBN 0 11 884033 9 E4.50 
34 The  sand  and gravel  resources  of the Dengie  Peninsula, 
Essex:  Resource  sheet TL 90 and  parts 80, TM 00, 
TQ 89,  99, TR 09. M. B. Simmons. 
ISBN 0 11  884081 9 E5.00 
35 The  sand  and gravel  resources  of  the country  around 
Darvel,  Strathclyde:  Resource  sheet  comprising  parts of 
NS  53,  54,  63,  64. E. F. P. Nickless,  A. M. Aitken  and 
A.  A. McMillan. 
ISBN 0 11 884082 7 E7.00 



36 The  sand  and gravel  resources  of the  country  around 
Southend-on-Sea,  Essex:  Resource  sheets  comprising  parts 
of TQ 88, 89, 98, 99, TR 08,  09; and  TQ 78, 79 and  parts 
of  88, 89. S. E. Hollyer and  M. B. Simmons. 
ISBN 0 11  884083 5 E7.50 
37 The  sand  and  gravel  resources  of  the  country  around 
Bawtry, South Yorkshire:  Resource  sheet SK 69. 
A. R.  Clayton. 
ISBN 0 11  884053 3 $5.75 
38 The  sand  and gravel  resources  of the  country  around 
Abingdon, Oxfc-rdshire:  Resource  sheet SU 49, 59, SP 40, 50. 
C.  E.  Corser. 
ISBN 0 1 1 884084 5 E5.50 
39 The  sand  and gravel  resources  of the Blackwater Valley 
(Aldershot)  area:  Resource  sheet SU 85, 86 and  parts 84, 94, 
95,  96. M. R. Clarke,  A. J .  Dixon and M.  Kubala. 
ISBN 0 11  884085 1 E7.00 
40 The  sand  and  gravel  resources  of  the  country west of 
Darlington,  County  Durham:  Resource  sheet  NZ 11, 21. 
A. Smith. 
ISBN 0 11  884086 X E5.00 
41 The  sand  and  gravel  resources  of  the  country  around 
Garmouth,  Grampian Region:  Resource  sheet NJ 36. 
A.  M.  Aitken, J .  W.  Merritt  and  A. J. Shaw. 
ISBN 0 11 884090 8 E8.75 
42 The  sand  and gravel  resources  of the  country  around 
Maidenhead  and  Marlow:  Resource  sheet SU 88 and 
parts 87, 97, 98. P. N.  Dunkley. 
ISBN 0 11  884091 6 E5.00 
43 The  sand  and  gravel  resources  of  the  country  around 
Misterton,  Nottinghamshire:  Resource  sheet SK 79. 
D.  Thomas  and  D.  Price. 
ISBN 0 1 1 884092 4 E5.25 
44 The  sand  and  gravel  resources  of  the  country  around 
Sedgefield, Durham: Resource  sheet NZ 32. M.  D.  A.  Samuel. 
ISBN 0 11  884093 2 E5.75 
45 The  sand  and gravel  resources  of the  country  around 
Brampton,  Cumbria: Resource  sheet NY 55 ,  part 56. I. Jackson. 
ISBN 0 11  884094 0 E6.75 
46 The  sand  and  gravel  resources  of  the  country  north  of 
Harlow, Essex:  Resource  sheet TL 41. P. M.  Hopson. 
ISBN 0 11  884107 6 E9.50 
47 The limestone and  dolomite  resources  of  the  country 
around  Wirksworth,  Derbyshire:  Resource  sheet SK 25 and 
part 35. F. C. Cox and  D.  J.  Harrison. 
ISBN 0 11 884108 4 E15.00 
48 The  sand  and  gravel  resources  of  the  Loddon Valley 
area: Resource  sheet SU 75,  76, and  parts 64, 65, 66, 74. 
M. R. Clarke,  E. J .  Raynor  and  R. A. Sobey. 
ISBN 0 11 884109 2 E8.75 
49 The  sand  and  gravel  resources  of  the  country  around 
Lanark,  Strathclyde  Region:  Resource  sheet  NS 94 and 
part 84. J .  L. Laxton  and  E. F. P.  Nickless. 
ISBN 0 11 884110 6 E1l.OO 
50 The  sand  and gravel  resources  of the  country  around 
Fordingbridge,  Hampshire:  Resource  sheet SU 11 and  parts 
00, 01, 10, 20, 21. M.  Kubala. 
ISBN 0 11  884111 4 E7.75 
51 The  sand  and  gravel  resources  of  the  country  north  of 
Bournemouth,  Dorset: Resource  sheet SU 0 0 ,  10, 20, SZ 09, 
19, 29. M.  R.  Clarke. 
ISBN 0 11  884112 2 E9.75 
52 The  sand  and  gravel  resources  of  the  country  between 
Hatfield  Heath  and  Great  Waltham,  Essex:  Resource  sheet 
TL 51, 61. R. J. Marks. 
ISBN 0 11 884113 0 E8.00 
53 The  sand  and  gravel  resources  of  the  country  around 
Cottenham,  Cambridgeshire:  Resource  sheet TL 46, 47. 
A. J.  Dixon. 
ISBN 0 11 884114 9 E9.25 

54 The  sand  and gravel  resources of the  country  around 
Huntingdon  and  St Ives,  Cambridgeshire:  Resource  sheets 
comprising parts of TL 16, 17, 26, 27; and  TL 26, 27, 36, 37. 
R. W.  Gatliff. 
ISBN 0 11 8841 15 7 E8.75 
55 The  sand  and gravel  resources of the  country  around 
Ipswich, Suffolk: Resource  sheet TM 14. R.  Allender  and 
S. E.  Hollyer. 
ISBN 0 11 8841 16 5 E10.00 
56 Procedure  for  the assessment  of the  conglomerate resources 
of the  Shenvood  Sandstone  Group.  D. P. Piper  and P. J. Rogers. 
ISBN 0 11 884143 2 $21.25 
57 The  conglomerate resources of the  Sherwood  Sandstone 
Group of the  country  around  Cheadle,  Staffordshire:  Resource 
sheet SK 04. P. J. Rogers, D. P. Piper  and  T. J. Charsley. 
ISBN 0 11 884144 0 E7.75 
58 The  sand  and gravel  resources  of the  country west of 
Peterhead,  Grampian Region:  Resource  sheet NK 04 and 
parts NK 05, 14,  15, NJ 94, 95. A. A.  McMillan and 
A.  M.  Aitken. 
ISBN 0 11 884145 9 E12.00 
59 The  sand  and gravel  resources of the  country  around 
Newbury,  Berkshire:  Resource  sheet SU 46, 47 and  parts 36, 
37, 47. J .  R. Gozzard. 
ISBN 0 11 884146 7 E11.50 
60 The  sand  and  gravel  resources of the  country  south-west 
of Peterborough, in  Cambridgeshire  and  east  Northampton- 
shire: Resource  sheets TL 09, 19 and SP 98, TL 08. 
A. M.  Harrisson. 
ISBN 0 11 884147 5 E15.50 
61 The  sand  and gravel  resources of the  country  north of 
Wrexham,  Clwyd:  Resource  sheet SJ 35 and  part 25. 
P.  N. Dunkley. 
ISBN 0 11 884148 3 E11.75 
62 The  sand  and gravel  resources  of the  country  around 
Dolphinton,  Strathclyde  Region,  and  West  Linton,  Borders 
Region:  Resource  sheet NT 04, 14 and  parts 05 15. 
A. A. McMillan, J.  L.  Laxton  and  A. J.  Shaw. 
ISBN 0 11  884149 1 E8.00 
63 The  sand  and gravel  resources of the valley of the 
Douglas Water,  Strathclyde  Region:  Resource  sheet  NS 83 
and  parts 82, 92, 93. A. J. Shaw and  E. F. P. Nickless. 
ISBN 0 11 884150 5 E11.50 
64 The  sand  and gravel  resources  of the  country between 
Wallingford  and  Goring,  Oxfordshire:  Resource  sheet SU 68 
and  part 58. C.  E.  Corser. 
ISBN 0 11  884151 3 E11.50 
65 The  sand  and  gravel  resources  of  the  country  around 
Hexham,  Northumberland: Resource  sheet NY 86, 96. 
J.  H. Lovell. 
ISBN 0 11 884152 1 E7.50 
66 The  sand  and gravel  resources of the  country west of 
Chelmsford,  Essex:  Resource  sheet TL 60. P. M.  Hopson. 
ISBN 0 11 884153 X E8.50 
67 The  sand  and gravel  resources  of the  country  around 
Hatfield  and  Cheshunt,  Hertfordshire:  Resource  sheet 
TL 20, 30 and  parts  TQ 29, 39. J.  R.  Gozzard. 
ISBN 0 11  884167 X E10.00 
68 The  sand  and gravel  resources of the  country  north-east 
of Halstead, Essex:  Resource  sheet TL 83. R. J .  Marks 
and J.  W. Merritt. 
ISBN 0 11  884168 8 E13.25 
69 The  sand  and gravel  resources  of  the country  around 
Welwyn Garden  City,  Hertfordshire: Resource  sheet TL 11,  21. 
J .  R.  Gozzard. 
ISBN 0 11 884169 6 f10.50 
70 The  sand  and gravel  resources  of the  country east of 
Harrogate,  North  Yorkshire: Resource  sheet SE 35. 
D.  L.  Dundas. 
ISBN 0 11 884170 7 E15.50 



71 The sand and gravel  resources of the  country  around 
Heme1 Hempstead,  St  Albans  and  Watford: Resource  sheet 
TL 00, 10, and  parts TQ 09, 19. 
W.  J. R.  Harries, S. E. Hollyer and P. M.  Hopson. 
ISBN 0 1 1  884171 8 E12.00 
72 The sand and gravel  resources of the  country  around 
Bury  St Edmunds,  Suffolk:  Resource  sheet TL 86. 
M. P. Hawkins. 
ISBN 0 1 1  884172 6 E10.50 
73 The sand and gravel  resources of the  country between 
Ely and  Cambridge, Cambridgeshire:  Resource  sheet 
TL 56, 57. A.  R. Clayton. 
ISBN 0 1 1  884173 4 E9.50 
74 The sand and gravel  resources of the  country  around 
Blaydon,  Tyne and Wear:  Resource  sheet  NZ 06, 16. 
J. R.  A.  Giles. 
ISBN 0 1 1  884174 2 E10.50 
75 The  sand  and gravel  resources of the  country  around 
Stokesley, North Yorkshire:  Resource  sheet NZ 40, 50, and 
parts 41, 51. R. G. Crofts. 
ISBN 0 1 1  884175 0 E1 1.50 
76 The  sand  and gravel  resources of the  country  around 
Ellon,  Grampian Region:  Resource  sheets NJ 93 with 
parts 82, 83, 92, and NK 03 with  parts 02, 13.  J. W. Merritt. 
ISBN 0 1 1  884176 9 E15.00 
77 The limestone and  dolomite resources  of the  country 
around  Buxton, Derbyshire:  Resource  sheet SK 07 and 
parts 06, 08. D. J.  Harrison. 
ISBN 0 1 1  884177 7 E13.50 
78 The sand and'gravel resources of the  country west of 
Boroughbridge, North Yorkshire:  Resource  sheet  SE 36. 
D.  A.  Abraham. 
ISBN 0 1 1  884178 5 $32.75 
79 The limestone and  dolomite resources  of the  country 
around Bakewell,  Derbyshire:  Resource  sheet SK 26 and 
part 27. D.  McC.  Bridge and J. R.  Gozzard. 
ISBN 0 1 1  884179 3 E10.50 
80 The sand and gravel  resources of the  country between 
Stamford, Lincolnshire, and  Peterborough, Cambridgeshire: 
Resource  sheet TF 0 0 ,  10. S. J.  Booth. 
ISBN 0 1 1  884180 7 E14.50 
81 The  sand  and gravel  resources of the  country  around 
Dorchester and  Watlington, Oxfordshire:  Resource  sheet 
SU 69 and  part 59. C. E. Corser. 
ISBN 0 1 1  884204 8 E14.25 
82 The  sand  and gravel  resources of the  country  around 
Sible Hedingham, Essex: Resource  sheet TL 73. 
R.  J.  Marks  and D.  W. Murray. 
ISBN 0 1 1  884205 6 $30.75 
83 The  sand  and gravel  resources of the  country  around 
Hollesley,  Suffolk:  Resource  sheet TM 34. 
S. E.  Hollyer and R.  Allender. 
ISBN 0 1 1  884206 4 E13.25 
84 The  sand  and gravel  resources of the  country  around 
Kirk Hammerton,  North Yorkshire:  Resource  sheet  SE 45. 
J. R. A. Giles. 
ISBN 0 11 884207 2 E10.00 
85 The  sand  and gravel  resources of the  country  around 
Nayland,  Suffolk:  Resource  sheet TL 93. P. M.  Hopson. 
ISBN 0 1 1  884208 0 E11.25 
86 The  sand  and gravel  resources of the  country  around 
Wem,  Shropshire:  Resource  sheet SJ 42, 52. 
B. Cannell and  W. J. R.  Harries. 
ISBN 0 1 1  884209 9 E15.50 
87 The  sand  and gravel  resources of the  country  around 
Ranskill and East Retford, Nottinghamshire:  Resource  sheet 
SK 68 and  part 78. D.  Thomas. 
ISBN 0 1 1  884210 2 E8.50 

88 The  sand  and gravel  resources of the  country  around 
Tholthorpe,  North Yorkshire:  Resource  sheet SE 46. 
R.  Stanczyszyn. 
ISBN 0 1 1  884211 0 E13.00 
89 The  sand  and gravel  resources  of the  country  around 
Newport-on-Tay,  Fife  Region:  Resource  sheet NO 42 and 
parts 32, 52. J.  L.  Laxton  and D. L.  Ross. 
ISBN 0 1 1  887413 6 E12.75 
90 The  sand  and gravel  resources  of the  country  around 
Shrewsbury,  Shropshire:  Resource  sheet SJ 41, 51. 
B . Cannell . 
ISBN 0 1 1  884213 7 E17.00 
91 The  conglomerate resources of the Sherwood Sandstone 
Group of the  country east  of Stoke-on-Trent,  Staffordshire: 
Resource  sheet SJ 94. D. Piper. 
ISBN 0 1 1  884214 5 E7.00 
92 The  sand  and gravel  resources  of the  country  around 
Armthorpe,  South Yorkshire:  Resource  sheet 
SE 60. D. Price  and D. P. Best. 
ISBN 0 1 1  884215 3 E10.00 
93 The  sand  and gravel  resources  of the  country  around 
Whittlesey,  Cambridgeshire:  Resource  sheet TF 20, TL 29. 
S. J. Booth. 
ISBN 0 1 1  884216 1 E12.50 
94 The  sand  and gravel  resources of the  country  north  and 
west of Woodhall  Spa, Lincolnshire:  Resource  sheet TF 16 
and  part 17. I.  Jackson. 
ISBN 0 1 1  884217 X E14.75 
95 The  sand  and gravel  resources  of the  country  around 
Biggar,  Strathclyde  Region:  Resource  sheet  NS 93, NT 03, 
and  parts NS 92, NT 02. A.  J. Shaw and  J.  W.  Merritt. 
ISBN 0 1 1  887414 4 E15.00 
96 The  sand  and gravel  resources  of the  country  around 
Potter  Hanworth  and  Reepham, Lincolnshire:  Resource 
sheet TF 06, 07. R.  G.  Crofts. 
ISBN 0 1 1  884219 6 E9.75 
97 The  sand  and gravel  resources of the  country  around 
Clare,  Suffolk:  Resource  sheet TL 74. R. Marks. 
ISBN 0 11 884297 8 E10.00 
98 The limestone and  dolomite resources of the  country 
around Tideswell,  Derbyshire:  Resource  sheet SK 17 and 
parts 18, 27. R.  W.  Gatliff. 
ISBN 0 1 1  884298 6 E14.50 
99 The  sand  and gravel  resources of the  country  north  and 
west of  Billingham,  Cleveland:  Resource  sheet NZ 42 and 
part 52. J. W.  C.  James. 
ISBN 0 1 1  884299 4 E10.50 
100 The  sand  and gravel  resources  of the  country  around 
Billinghay,  Lincolnshire:  Resource  sheet TF 15 and  part 05. 
J. B. L.  Wild. 
ISBN 0 1 1  884300 1 E13.75 
101 The  sand  and gravel  resources of the  country  around 
Glenrothes,  Fife  Region:  Resource  sheet NO 20 and 
parts 21, 30, 31. A. M.  Aitken and D. L.  Ross. 
ISBN 0 1 1  887415 2 E15.00 
102 The  sand  and gravel  resources of the  country  around 
Coggeshall, Essex: Resource  sheet TL 82. S. J.  Booth  and 
J .  W.  Merritt. 
ISBN 0 1 1  887416 0 E16.00 
103 The  sand  and gravel  resources of the  country between 
Dorchester and  Wareham, Dorset:  Resource  sheets 
comprising  parts  of SY 68, 69, 78, 79, 88, 89, 98, 99. 
S. J. Mathers. 
ISBN 0 1 1  884303 6 E17.00 
104 The  sand  and gravel  resources of the  country  around 
Stansted  Mountfitchet, Essex: Resource  sheet TL 52. 
P. M. Hopson. 
ISBN 0 1 1  884304 4 E11.75 



105 The  sand  and gravel  resources  of the  Welshampton 
area,  Shropshire  and Clwyd:  Resource  sheet SJ 43. 
Institute of Geological  Sciences. 
ISBN 0 1 1  884305 2 E12.00 
106 The  sand  and gravel  resources  of the  country  south of 
Wrexham,  Clwyd:  Resource  sheet  SJ 34 and  part 24. 
D. F. Ball. 
ISBN 0 1 1  884306 0 El 1.00 
107 The  sand  and  gravel  resources  of  the  country  between 
Rugby and  Northampton, Warwickshire and  Northampton- 
shire: Resource  sheet SP 66 and  parts 56,  57, 65, 67, 75 
and 76. M.  R.  Clarke  and E. R.  Moczarski. 
ISBN 0 1 1  884307 9 E20.00 
108 The  sand  and gravel  resources  of the  country  south of 
Horncastle,  Lincolnshire:  Resource  sheet TF  26. 
G. Power  and J. B. L. Wild. 
ISBN 0 1 1  884308 7 E9.75 
109 The  sand  and gravel  resources  of the  country  around 
Great  Dunmow, Essex:  Resource  sheet TL 62. 
C.  W.  Thomas. 
ISBN 0 1 1  884309 5 E12.75 
110 The  sand  and  gravel  resources  of  the  country  north  of 
Newmarket,  Cambridgeshire  and  Suffolk:  Resource  sheet 
TL 67 and  part 66. C .  E. Corser. 
ISBN 0 1 1  884310 9 E14.50 
1 1  1 The  sand  and gravel  resources  of the  country east and 
south-east  of  Darlington,  Durham:  Resource  sheet  NZ 30, 31. 
J.  R. Gozzard  and  D.  Price. 
ISBN 0 1 1  884311 7 E14.25 
112 The  sand  and gravel  resources  of the  country  around 
Hertford,  Hertfordshire: Resource  sheet TL 3 1 .  
P. M. Hopson  and  M. D. A. Samuel. 
ISBN 0 1 1  884312 5 E11.75 
1 13 The  sand  and gravel  resources  of the  country  around 
Mold, Clwyd:  Resource  sheet SJ 26 and  part 16. D. F. Ball 
and K. A. McL.  Adlam. 
ISBN 0- 1 1  884313 3 E12.00 
114 The  sand  and  gravel  resources  of  the  country  around 
Kettering and  Wellingborough,  in  parts  of  Northampton- 
shire,  Cambridgeshire  and  Bedfordshire:  Resource  sheets 
SP 97 and  parts  SP 87, TL 07; and  SP 86, 96. 
A. M. Harrison. 
ISBN 0 1 1  884314 1 E18.00 
115 The  sand  and gravel  resources  of the  country  east of 
Solihull,  Warwickshire:  Resource  sheet  comprising parts of 
SP 17, 18, 27, 28. B. Cannell. 
ISBN 0 1 1  884315 X E10.75 
116 The limestone  resources  of the  Craven  Lowlands: 
Resource  sheet  comprising parts of 1:5OOOO geological  sheets 
59, 69, 61, 67, 68 and 69. D. J.  Harrison. 
ISBN 0 1 1  884316 8 E15.00 
117 The  sand  and gravel  resources  of the  country  around 
Redgrave,  Suffolk:  Resource  sheet TM 07 and  part 08. 
C.  A.  Auton. 
ISBN 0 1 1  884317 6 E15.00 
1 18 The  sand  and gravel  resources  of the  country  around 
Sudbury,  Suffolk: Resource  sheet TL 84. P.  M.  Hopson. 
ISBN 0 1 1  884318 4 E12.50 
119 The  sand  and gravel  resources  of the  country  around 
Bedale, North  Yorkshire:  Resource  sheet  SE 28. 
J .  R. A. Giles. 
ISBN 0 1 1  884319 2 E11.75 
120 The  sand  and gravel  resources of the  country  around 
Catterick,  North  Yorkshire:  Resource  sheet  SE 29. 
J.  H. Lovell. 
ISBN 0 1 1  884320 6 E10.75 
121 The  sand  and gravel  resources  of the  country  around 
Callander  and  Dunblane,  Central  Region:  Resource  sheet 
NN 60, 70. J.  W.  Merritt  and  J.  L.  Laxton. 
ISBN 0 1 1  887417 9 E15.00 

122 The  sand  and gravel  resources  of the  country  around 
Lymington  and Beaulieu,  Hampshire:  Resource  sheet 
comprising  parts  of SU 20, 30, 40, and SZ 29, 39, 49. 
S. J. Mathers. 
ISBN 0 1 1  884322 2 E17.00 
123 The  sand  and gravel  resources  of the  country between 
Mildenhall and  Barrow,  Suffolk: Resource  sheet TL 76, 77 
and  part 87. A.  R.  Clayton. 
ISBN 0 1 1  884323 0 E15.50 
124 The  sand  and gravel  resources  of the  country  around 
Chatteris,  Cambridgeshire:  Resource  sheet TL 38 and  part 37. 
J.  R. Gozzard. 
ISBN 0 1 1  884324 9 E12.50 
125 The  sand  and gravel  resources  of the  country between 
Coventry  and  Rugby,  Warwickshire:  Resource  sheet SP 47 
and  part 37. 
ISBN 0 1 1  884325 7 E12.75 
126 The  limestone  and  dolomite resources  of the  country 
around  Settle  and  Malham,  North Yorkshire:  Resource  sheet 
comprising parts of 1:50000 geological  sheets 50 and 60. 
D.  W.  Murray. 
ISBN 0 1 1  884326 5 E9.75 
127 The  sand  and gravel  resources  of the  country  around 
Woolpit,  Suffolk: Resource  sheet TL 96. M.  R.  Clarke. 
ISBN 0 1 1  884327 3 E13.00 
128 The  sand  and gravel  resources  of the  country  around 
Coningsby,  Lincolnshire:  Resource  sheet TF 25. I.  Jackson 
and  M.  D. Issaias. 
ISBN 0 1 1  884328 1 E1 1.75 
129 The  limestone  and  dolomite  .resources  of  the  country 
north  and west of Ashbourne, Derbyshire:  Resource  sheet 
SK 15 and  parts 04, 05, 14. D. McC.  Bridge and 
D. S. Kneebone 
ISBN 0 1 1  884329 X E15.25 
130 The  sand  and gravel  resources  of the  country between 
Bourne  and  Crowland,  Lincolnshire:  Resource  sheet TF  1 1  
and  parts 01, 21. S. J. Booth. 
ISBN 0 1 1  884430 X E20.00 
131 The  sand  and gravel  resources  of the  country west of 
Stirling,  Central  Region:  Resource  sheet NS 69, 79. 
J.  L.  Laxton  and  D.  L. Ross 
ISBN 0 1 1  887421 7 E14.50 
132 The  sand  and gravel  resources  of Strathallan,  Tayside 
Region:  Resource  sheet  comprising parts of NN 80, 81,90,91. 
A.  M.  Aitken  and  A. J. Shaw. 
ISBN 0 1 1  887422 5 E15.50 
133 The  sand  and gravel  resources  of the  country  north- 
east  of Thaxted, Essex:  Resource  sheet TL 63. 
R. J. Marks. 
ISBN 0 1 1  884433 4 E11.50 
134 The  sand  and gravel  resources  of the  country  around 
Prees,  Shropshire:  Resource  sheet  SJ 53. J.  W.  C.  James. 
ISBN 0 1 1  884434 2 E16.00 
135 The  sand  and gravel  resources  of the  country  around 
West Tanfield,  North Yorkshire:  Resource  sheet SE 27. 
G. E. Strong  and  J.  R.  A. Giles. 
ISBN 0 1 1  884435 0 E10.75 
136 The  sand  and gravel  resources  of the  country  around 
Whitchurch  and  Malpas,  Clwyd,  Cheshire  and  Shropshire: 
Resource  sheet SJ 44, 54. I.  Jackson, D. J .  Lowe, 
A.  N.  Morigi  and S. J. Mathers. 
ISBN 0 1 1  884436 9 E16.00 
137 The  sand  and gravel  resources  of the  country  around 
Diss, Norfolk: Resource  sheet TM 17 and  part 18. 
C.  J. Wilcox and  R. Stanczyszyn. 
ISBN 0 1 1  884437 7 E15.00 
138 The  sand  and gravel  resources  of the  country  around 
Chichester and  north of  Bognor  Regis,  Sussex:  Resource 
sheet SU 80, 90. J.  H. Lovell and P. H. A.  Nancarrow. 
ISBN 0 1 1  884438 5 E16.00 



139 The  sand  and gravel  resources of the  country  around 
Kinross,  Tayside  Region:  Resource  sheets NO 00, 10, and 
parts NT 09, 19. J. W. Merritt  and D. L. Ross. 
ISBN 0 11 887423 3 E17.50 
140 The  sand  and gravel  resources of the  country  around 
Dalkeith and Temple, Lothian Region:  Resource  sheet 
NT 25 and 35, and  NT 26 and 36. A. M. Aitken, J,  H. 
Lovell, A. J. Shaw and  C. W. Thomas. 
ISBN 0 11 887424 1 E20.00 
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77/19 Sand  and gravel  resources of the Borders  Region, 
Scotland.  A.  D.  McAdam. 
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